Ethyl Methanesulfonate (Ems) and Diethylnitrosamine (Den) Effect on Germ Cells of Drosophila Melanogaster. by Huang, Haimei
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1981
Ethyl Methanesulfonate (Ems) and
Diethylnitrosamine (Den) Effect on Germ Cells of
Drosophila Melanogaster.
Haimei Huang
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Huang, Haimei, "Ethyl Methanesulfonate (Ems) and Diethylnitrosamine (Den) Effect on Germ Cells of Drosophila Melanogaster."
(1981). LSU Historical Dissertations and Theses. 3688.
https://digitalcommons.lsu.edu/gradschool_disstheses/3688
INFORMATION TO USERS
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted.
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction.
1. The sign or "target” for pages apparently lacking from the document 
photographed is "Missing Page(s)”. If  it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity.
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a good 
image of the page in the adjacent frame. If copyrighted materials were 
deleted you will find a target note listing the pages in the adjacent frame.
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner of 
a large sheet and to continue from left to right in equal sections with small 
overlaps. If necessary, sectioning is continued again—beginning below the 
first row and continuing on until complete.
4. For any illustrations that cannot be reproduced satisfactorily by xerography, 
photographic prints can be purchased at additional cost and tipped into your 
xerographic copy. Requests can be made to our Dissertations Customer 
Services Department.
5. Some pages in any document may have indistinct print. In all cases we have 




300 N. ZEEB RD., ANN ARBOR. Ml 48106
8207827
Huang, Haimei
ETHYL METHANESULFONATE (EMS) AND DIETHYLNITROSAMINE 
PEN) EFFECT ON GERM CELLS OF DROSOPHILA MELANOGASTER
The Louisiana State University and Agricultural and Mechanical Col PhD. 1981
University
Microfilms
International 300 N. Zeeb Road, Ann Arbor, M I 48106
PLEASE NOTE:
In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V
1. Glossy photographs or pages
2. Colored illustrations, paper or print______
3. Photographs with dark background
4. Illustrations are poor copy______
5. Pages with black marks, not original copy____________
6. Print shows through as there is text on both sides of page______
7. Indistinct, broken or small print on several pages ^
8. Print exceeds margin requirements_____
9. Tightly bound copy with print lost in spine_____
10. Computer printout pages with indistinct print
11. Page(s)___________ lacking when material received, and not available from school or
author.
12. Page(s)___________ seem to be missing In numbering only as text follows.
13. Two oaoes numbered Text follows.
14. Curling and wrinkled pages______





AND DIETHYLNITROSAMXNE (DEN) EFFECT 
ON GERM CELLS OF DROSOPHILA MELANOGASTER
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy
in
The Department of Zoology and Physiology
Haimei Huang B.S., National Taiwan University, 1972 
M.S., National Taiwan University, 1974- 
December, 1981 .
ACKNOWLEDGMENTS
The author wishes express her sincere gratitute to 
her parents Chu-Han and Ho-Yu Huang for their continued 
love and support during the years of her study in the 
United States, Her deep appreciation is extended to 
Ms. Patricia S. Skinner, Ms. Michelle Vernon and Dr. 
William R. Lee for their critical reading of the manus­
cript, and Ms, Debbie K. Babcock to assist her in editting 
SAS program for her dissertation.
The author wants to thank Dr. Yu-Mei Wang, M.D., 
Drs.S. Gupta, John Kao, Ms. Bonnie Wexler, Jane Murungi, 
Ellen l,,Lantz, Ho Chang, Sherry Chang, Naheed Nassar,
Sue Kelly, Josan R. Sabourin , Mr. Mark Kelly and 
Mr. and Ms. Shin S. Tsay of her host family in Baton 
Rouge for their friendship, prayers, moral support, 
stimulating discussions and invaluable suggestions they 
provided.
Thanks are due to Dr. Wilbur L. Prench and Dr. David 
Magee for kindly allowing the use of their laboratory 
space and microscope. Thanks are also due to Dr. W.
L, Steffens for a convenience in using the darkroom in 
Zoology Department.
The author wishes to acknoledge Drs. Wilbur L.
Prench, Simon S. Chang, Earl Weidner, Jr., Michael J. 
Pitzsimon, John J. Willie, Jr. and William R. Lee 
serving on her Graduate Advisory Committee. She
ii
particularly want to thank the Zoology and Biochemistry 
Departments and Drs* William R. Lee and Simon S. Chang 
for providing her the monetary support without which 
her dissertation work would not have "been finished.
Finally, the author would like to express her special 
thank to Dr. William R. Lee for his support, guidance and 
for hes patience and understanding which has made her 








MATERIALS AND METHODS ------------------------- 35
RESULTS----------------------------------------53
DISCUSSION------------------------------------109





With, autoradiography and fluorescent stain technuques, 
the degree of ethylation of Drosophila melanogaster sperm 
following treatment with (l-^H)-ethyl-methanesulfonate 
(EMS) or (2-^H)-diethylnitrosamine (DEN) was shown hy 
different levels of silver grains on sperm. The degree of 
ethylation of sperm cells treated with the mutagen in 
different germ cell stages of development (sperm, sperma­
tids, spermatocytes, or spermatogonia) was determined hy 
varying the time of sampling. The average grains per 
sperm head from different samples were computed and 
analyzed with SAS program by the IBM 3035 computer at 
System Network Computer Center on the LSU campus in Baton 
Rouge,
The sperm which originated from the spermatid stages 
at the time of labeled EMS or DEN feeding had the highest 
mean grain counts per head. The mature sperm head had 
high mean grain counts for ^H-DEN treatments, but, the 
lowest mean grain counts for ^H-DEN treatments. This 
indicated that the direct alkylating agent EMS actively 
ethylated mature sperm head; however, this was not the 
case for the indirect ethylating agent DEN. lowest mean 
grain counts per sperm head came from spermatogonia cell 
stages at the time of ^H-EMS treatment, whereas ^H-DEN 
interferred with spermatogonia in their completion of
v
regular spermatogenesis.
A non-linear relation existed between EMS feeding
concentration and grain counts per sperm head sample.
There is a difference between the levels of initial and
■*retained ethylation in mature sperm after ^H-EMS feeding. 
However, there is no significant difference between the 
levels of initial and retained ethylation in mature sperm 
even for a 9 day period after ^H-DEN feeding.
INTRODUCTION
Historical Review in Mutagenesis
In 1919, H. J. Muller, realizing that the nature of 
mutation was inextricably linked with the nature of the 
gene, stressed that mutation was the unique property of 
the gene without which evolution could not have taken 
place. Accumulation of new mutant was limited hy the 
low frequency of spontaneous mutations. Efforts to 
increase the mutation rate hy artificial means were not 
successful until the development of (1) sensitive detec­
tion methods, such as the sex-linked recessive lethal 
test used in Drosophila and (2) discovery of effective 
mutagens. The concept of mutation rate and the means of 
measuring it were introduced by Muller (1919), despite 
the limited data available. In 1927, Muller used X-ray 
to artificially induce mutations in Drosophila, X-ray 
mutagenesis dominated the following two decades and was 
a powerful tool in understanding the mechanism of muta­
tion. For a quantitative measurement, Muller worked out 
the dose-response curve which showed that induced muta­
tion rates of sex-linked recessive lethal genes in Dro­
sophila were strongly related to the radiation dosage, 
or roentgen units (r).
Auerbach and Robson began work with chemical muta­
gens during World War II. They showed that mutations
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could "be induced in Drosophila "by nitrogen and sulfur 
mustards (Auerbach and Robson, 1946). Rapaport and 
others (1946) found a number of compounds to be mutagenic, 
including formaldehyde, diethylsulfate and diazomethane 
which had been known to irritate the skin or produce 
cancer in mammals. Since then hundreds of chemical agents 
have been found to produce mutagenic activity in a variety 
of organisms.
In the early work of X-ray mutagenesis, the target 
theory was used to explain the mechanism of mutation.
The gene is a target molecule whose mutation is caused 
by a single "hit” of radiation. However, dose-response 
curves for UV and chemical mutagens could not be fitted 
into target models as readily as those obtained for X- 
rays. When DNA structure was formally proposed by Watson 
and Crick (1953), a search for agents or mechanisms that 
directly affected nucleotide structures began. Watson and 
Crick (1955) perhaps the first to suggest such a mechanism, 
proposed that mutation could occur as a result of occasional 
changes in the hydrogen bonding of nucleotide bases during 
replication.
Following the target theory was the formation of 
a biochemical or "molecular11 theory of mutation. This 
theory, which explains mutation in term of transition, 
transversion, and frameshift mutations was based largely 
on the results of mutation in microorganisms. Like the
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target theory, however, the molecular theory, which re­
placed the former as a comprehensive model of mutagenesis, 
was too limited to cover all the data on mutagenesis. In 
current research, the reaction of new mutagens with DNA in 
eukaryotes permits extending the molecular theory of muta­
tion to eukaryotes where there is growing concern of gene­
tic harzards in the human environment. A more quantitative 
study of chemical mutagens is underway now that the dose- 
response curves for ionizing radiations in biological 
systems have been accurately worked out (for reviews see 
Hollaender, A., 1954; and Lea, D. C., 1962),
Chemical compounds are constantly being introduced 
into the environment, and many of them adversely affect 
the genetic material. These genetic effects may lead to 
point mutations, samll deficiencies, insertions and dupli­
cations, gross chromosomal abberations, nondisjunctions, 
chromosomal loss, and genetic recombination. Such damage 
can increase the genetic load of the population if the germ 
cells are affected. In addition, recent evidence has 
showed a correlation between the mutagenic and carcinogenic 
potential of a number of chemicals (Vogel and Sobel, 1976). 
This correlation has led to the development of the short­
term mutagenicity test system as a predictive tool for 
possible carcinogenic activity, such as the extensively 
used Salmonella/microsome test of Ames and his co-workers. 
The chemical mutagen and potent carcinogen, diethylnitro-
4
samine (DEN), is one of the compounds often used in 
microorganisms,
The objective of this dissertation is to determine by 
the used of autoradiography the dose to the germ cells of 
Drosophila melanogaster of two frequently used mutagens, 
ethyl methanesulfonate (EMS) and diethylnitrosamine (DEN). 
Numerous mutation studies with both mutagens have been 
conducted with a wide variety of test systems, but dosi­
metry has not been determined for DEN and has only been 
determined for EMS by use of extraction of DNA and scin­
tillation counting (Aaron and Lee, 1978). Autoradiography 
complements dosimetry by extraction of DNA because the 
autoradiograph preserves the morphology of the tissue, 
thus allowing one to determine the stage of germ cell 
development and the dose within the same cell, A summary 
of EMS and DEN mutagenecity in different test systems is 
reported in the following section.
EMS and DEN Mutagenicity
(1) In bacteria and bacteriophage systems
Forward mutations induced by EMS treatment were found 
in Salmonella typhimurium LT-2 strain, Escherichia coli 
strain, E. coli B ColBr (resistant to colicin B) strain, 
Corynebacterium sp, VUA strain and Bacillus cereus NC1B 
8122 strain (loveless, 1958; Loveless, 1959; Strauss, 1961;
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Neftasfck et al. 1967). Reverse mutations were reported in 
cystine-requiring mutants (cysA-21) of S. typhimurium.
E. coli WP-2 strain, phage T4 rll mutants, lac” mutants, 
arg" mutants, tryptophan synthetase mutants of E. coli 
strain, a quadruple auxotroph (BD2 hisA1“ ura-1" try-2“) 
of Bacillus Bubtilis strain (loveless, 1959; Strauss,
1961; Krieg, 1963; Schwartz, 1963; Yanofsky et al. 1966; 
Corran, 1968).
Krieg (1963) indicated that only a small portion of
T4 rll revertants were formed via AiT --  G:C transition,
while most of the revertants were found via G:C --  A:T
transition. Since most of the revertants were different 
from the original forward mutants only by one kind of 
amino acid, such as, tryptophan synthetase mutants of 
E. coli strain, the revertants actually formed were due to 
transitions (Yanofsky et al. 1966). The frameshift muta­
tion, at least in one case, had been known in the profla­
vin frameshift mutant of rll phages (Krieg, 1963). In 
single-strain DNA phages M13 and X174, EMS induced more 
transitions from guanine than from adenine (Tessman et al., 
1964).
DEN did not directly induce reverse mutations in E. 
coli Sd-B (TC) strain (streptomycin-dependent and tetra­
cycline-resistant), S. typhimurium his” (or G46) strain, 
or the Serratia macesoens a13 his” and a21 leu” strains 
(Montesano and Bartsch, 1976). With the tissue-mediated
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assay in S. ty-phimurium, DEN induced reverse mutations in 
the TA1530 strain in the presence of mouse, rat hamster 
liver microsomal fractions, although lung microsomal 
fractions from these animals were completely inactive 
(Bartsch et al., 1975). In the presence of the S-9 
fraction from male Sprague-Pawley rat liver, PEN induced 
revertants from TA1QO and TA98 strains (Yahagi et al.,
1977i Andrews et al., 1978; Rao et al., 1979). The number 
of revertant colonies increased linearly with the increase 
in the concentration of DEN in both TA100 and TA98 strains. 
Since TA100 and TA98 are transition and frameshift mutants, 
respectively, DEN apparantly induced revertants in this 
tissue-mediated system through both a single base substi­
tution (transition mutation) and a single base insertion 
or deletion (frameshift mutation) (Yahagi et al., 1977).
In E. coli Sd-B strain, DEN also induced reverse mutations 
if the microsomal fractions from male Wistar rat liver, but 
not from kidney, were present (Nakajima et al., 1974).
In the host-mediated assay, after the bacteria were 
injected into the peritoneal cavity of the mouse or rat,
DEN was administered by intramuscular injection. The re­
sults showed that DEN could not induce forward mutations 
in the E. coli 343 strain, or reverse mutations in the
S. marcescens al3 his” and a21 leu” strains and S. typhi- 
murium &46 strain (Propping et al., 1972; Mailing, 1974). 
In this system, it is evident that D M  mutagenic activity
probably depends upon activation of the DEN in close 
proximity to the target cells.
(2) In yeast and neurospora systems
EMS has been shown to be an effective mutagen in 
Saccharomyces cerevisiae (Lindegren, 1965; Hawthorne,
1969). The mutants obtained included a large variety of 
auxotrophs requiring various bases, vitamines, and amino 
acids. Genetic analysis revealed that some mutations 
induced by EMS were gene-mutations, but others appeared 
to be positive effects produced by chromosomal rearran­
gements. Forward mutation in genes controlling the bio­
synthesis of adenine has been studied extensively in both 
Saccharomyces cerevisiae and Schizosaccharomyces pombe. 
Forward and reverse mutations were induced in both the 
adel and ade2 loci of S^ pombe by EMS (N&sim, 1967).
In both yeasts, these red-adenine loci are unlinked, in 
contrast to the analogous purple-adenine mutants, ad-3A 
and ad-3B, in Neurospora crassa, which are closely linked 
In N. crassa, 74 different mutants were induced after 
EMS treatment at the ad-3B locus (Mailing and de Serres, 
1968). Fifty-eight percent of these mutants were transi­
tional mutants (41% having the base pair transition from 
AT to GC and 17% having the base pair transition from 
GC to AT); 9% were freamshift mutants and 7% were dele­
tion mutants involving base deletions within the ad-3B 
locus (Mailing and de Serres, 1968).
8
The udenfriend hydroxylating system (consisting of 
ascorbic acid, Fe++ and EDTA), which mimics microsomal 
activation, was among the first used in N. crassa for 
mutagenicity teBts (Mailing, 1966). DEN-treated conidia 
of N. crassa in a hydroxylating model system showed a 
definite increase in the mutation frequency at the ad-5 
locus, which was enhanced under 02 aeration. The data 
showed that only 1% of the mutations were multilocus de­
letions (physical removal of the gene from the chromosome 
by chromosome breakage), and 99% were due to point muta­
tions (alteration of the genes). Of the point mutations, 
26.8% of the mutants were of - genotype ad-3A and 73.2% 
were of genotype ad-5B. Ad-3A mutants did not show in- 
terallelic complementation, but ad-3B mutants did, 65% 
of the ad-5B with nonpolarized complementation patterns 
were mainly due to base-pair substitutions induced by DEN 
and 02. These mutants produced complete proteins with 
only single erroneous amino acid substitutions. The other 
mutants of the ad-3B locus (35%) arose from many types of 
genetic alterations which produced nonfunctional proteins 
(Mailing and de Serres, 1972).
(3) In Drosophila systems
Drosophila melanogaster. a multicellular organism, 
has been extensively used in mutagenic research since
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1919 (reference to Muller); several Drosophila systems 
permit the assessment of the total spectrum of genetic 
effects (Vogel and Sobel, 1976; Spenser and Stern, 1948). 
Among them, the Muller-5 test (or sex-linked recessive 
lethal test), an attached-X test, the X or Y chromosome 
specific locus test, and the autosomal recessive lethal 
test have been extensively used to detect different mu­
tations induced by the EMS mutagen. X or Y chromosomes 
marked with dominant chromosome-marking mutations have 
chromosome breakage following EMS treatment (Lee et al., 
1970; Bishop and Lee,1973; Vogel and Natarajan, 1979a,b).
Because the testis of an adult male presents an un­
interrupted spectrum of differentiation from spermatogonia 
and spermatocytes through spermatids to mature sperm, the 
sperm used in successive broods must have originated from 
progressively younger germ cells at the time of treatment. 
Using appropriate test systems and successive broods, mu­
tations were detected from different germ cells after 
feeding or injection with EMS and DEN.
Sex-linked recessive lethals (Pahmy and Pahmy, 1957; 
Alderson, 1965; Elper, 1966) induced by EMS yielded higher 
frequencies in post-meiotic germ cells than in early germ 
cells (Pahmy and Pahmy, 1957). A lineal relation in sper­
matozoa was found between dose, measured as ethylations of 
DNA per sperm cell, and response, measured as the relative 
frequency of sex-linked recessive lethals induced in sper-
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matozoa (Aaron and lee, 1978). A comparison of dose, 
measured as ethylations per nucleotide for both D. mela- 
nogaster and mouse was made (Lee, 1978). By aging the 
EMS treated sperm in the untreated females, a marked 
increase in the frequency of translocations from 0.4% in 
spermatozoa to 15% in stored cells (3 translocations in 
20 cells) was observed although the sample size was small 
(Abrahamson et al., 1969). Over a 12 day period, the 
frequency of dominant lethals showed a continual increase 
(SrAm, 1970); high frequencies of sex-chromosome losses 
were found in later broods than in earlier ones (Schalet, 
1977). These were considered as a "storage effect" which 
caused an increase in chromosomal breakage.
Autosomal recessive mutations at the dumpy locus were 
induced by EMS (Jenkins, 1967a, b). In E1 progeny, high 
mutation frequencies were shown in the postmeiotic germ 
cell stages —  spermatid and sperm. EMS is know to 
produce a high frequency of genetic changes that are 
distributed as mosaics in gonadal and somatic tissues 
(Alderson, 1963; Epler, 1966; Jenkins, 1967a, b; Lee et 
al., 1970). It induced gonadal mosaic lethals in mature 
sperm DNA (Epler, 1966; Alderson, 1965), with the propor­
tion of lethals appearing as mosaics increasing with 
lower exposure concentration; EMS induced phenotypically 
complete and mosaic dumpy mutations (Jenkins, 1967a, b), 
and a large proportion of mutations induced by EMS at the
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yellow and white loci were mosaic in the (lee et al.,
1970). According to available sources, Lee (1976) 
estimated that about 13% of mosaic embryos would have a 
complete mutant germline and therefore would give a 
positive test when scored in the P2. The other portion 
of the mosaic embryos included 11% with a mosaic germ- 
line and 76% with a non-mutant germline. Thus, Lee 
pointed out that mosaic embryos would carry an EMS induced 
mutation in only 1/4 of their nuclei; indicating that the 
majority of recessice mutations may not be fixed until 
the second or later DNA synthesis in early embryogenesis.
Browning (1970) fed wild type adult females for 24 
hours with EMS. Sex-linked recessive lethals appeared in 
8 two-day broods, with a peak of sex-linked recessive 
lethals in brood 5, ten days following treatment. There 
were no striking differences in frequencies between succes­
sive broods. This differed from the results obtained 
from EMS-feed adult males. The difference between males 
and females is greater than 10-fold in sex-linked reces­
sive lethal frequency, provided the comparison is res­
tricted to post-meiotic male germ cells which showed a 
uniformly high rate of mutation and the female germ cells 
which had a more or less uniformly low rate in all stages. 
On the other hand, Inagaki et al. (1980) found that EMS- 
induced mosaic dumpy mutations at much lower frequencies 
in oogonial stages than in oocyte stages.
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DEN was shown to he a strong mutagen in the sex- 
linked lethal test. Feeding males for 3 days with 10 mM 
DEN induced 19.6% sex-linked lethals, hut DEN-treated 
mature sperm did not have significant amounts of domi­
nant lethals or chromosome breakage (either in the reduc­
tion of egg hatchahility, or in the loss of the entire 
sex chromosome or Y-marker), even after prolonged storage 
(Vogel and Leigh, 1975; Vogel and Natarajan, 1979a.b). 
Also, DEN did not induce frequencies as high as EMS did 
(Vogel and Natarajan, 1979a). Prom a brood pattern 
analysis, spermatids gave the highest frequencies or 
recessive lethals (Vogel and Leigh, 1975; Vogel and Sohel, 
1976) following DEN treatment.
Using three genetic test systems —  the specific 
locus test (scored visibles in females), the attached-X 
test (scored visibles in males) and the Muller-5 test 
(scored lethals), Shukla and Auerbach (1980) established 
criteria for the assessment of potential genetic damage 
from chemical mutagens involving three ratios: visibles 
in females/visibles in males, lethals/viable visibles, and 
lethals/visibles male and female. All ratios are expected 
to increase with an increasing frequency of deletions 
among point mutations. Among DEN-treated adult flies, 
all the ratios are consistently higher in spermatogonia 
than in spermatozoa (1.8 vs. 0.9, 80 vs. 44, 0.9 vs. 0.5). 
Also, autosomal lethals for each genetic test mentioned
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above were used as base lines for comparing the frequen­
cies of sex-linked lethals between spermatogonia and 
spermatozo2. There was only a slight and statistically 
insignificant increase from 2.4 for spermatozoa to 3.3 for 
spermatogonia in the ratio of autosomal to sex-linked le­
thals, thus indicating the absence, or, a very low degree 
of germinal selection against sex-linked lethals as com­
pared to autosomal lethals in spermatogonia after DEN 
treatment.
(4) In Mammalian systems
In mice, the post-spermatogonial cells were more 
sensitive than the spermatogonia for EMS-induced specific 
locus mutation. High frequencies of dominant lethals, 
translocations and chromosome breakage were shown in late 
spermatid and spermatozoa stages of spermatogenesis, while 
pre-meiotic germ cell stages were relatively resistant to 
the induction of dominant lethals (Cattanach et al., 1968; 
Ehling et al., 1968; Ehling, 1971; Generoso et al.m 1974).
The greatest sensitivity to induced mutations by EMS 
is probably due to the exchange of lysine-rich and argi­
nine-rich histoneB within the cell during spermiogenesis 
(Ehling, 1968). Evidence has been reported by Sega (1978) 
in which mid-spermatids responded with a high frequency of 
induced-dominant lethals and translocation while no in­
crease in DNA ethylation or unscheduled DNA synthesis was 
observed, but rather an increase in protamine ethylation.
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Because of the large numbers of animals and the long 
period of time required to do the mutagenic tests in vivo 
in this system, several tests for other effects in germi­
nal tissues have been developed, such as, the test for 
sperm abnormalities. This method for examining the sperm 
morphology is useful because relatively few animals are 
needed and it is technically simple. Although a genetic 
basis for the morphological change has not been firmly 
established, there does appear to be an association be­
tween an increased incidence of sperm abnormalities and 
heritable changes in progeny (Hugenholtz and Bruce, 1979; 
Wyrebek and Bruce, 1978). Treatment with EMS caused mor­
phological abonrmalities of the sperm heads in the 
(CBA x BAL B/c) progeny and in the parent CBA/Ca mice 
(Topham, 1980a,b).
There are few reports on the mutagenic effects of DEN 
in in vivo mouse tests. One report by Propping et al. 
(1972) showed that DEN failed to induce dominant lethals 
in mice.
Of the various short-term tests, mammalian cell muta­
genesis tests employing various loci are among the most 
sensitive (reviewed in Chu and Powell, 1976; Arlett, 1977; 
Abbondandolo, 1977). The HGPRT (X-linked, hypoxanthine- 
guanine phosphoribosyl transferase) locus and the TK 
(autosomal, thymidine kinase) locus are the two most often 
used. Through the use of purine analogues (usually 8-aza-
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guanine or 6-thioguanine) in HGPRT tests, pyrimidine ana­
logues (usually bromo-uridine deoxyribonucleotide —  BUdR 
or triflurothymidine —  FudR) in the TK tests and ouabain 
in membrane Na+/K+ ATPase tests, resistant mutants —  AAr 
(resists 8-azaguanine), T6r (resists 6-thioguanine),
BUdRr (resists BUdR), FudRr (resists FudR), OUAr (resists 
ouabain) were selected from permissive conditions. Other 
loci, such as amino acid auxotrophs —  ASK, ALA, cAMP 
protein kinase —  were also used in mutagenesis tests to 
select induced mutations (Chu, 1971; Hollstein et al., 
1979).
EMS induced AAr, TGr and OUAr mutants in Chinese 
hamster V-79 cells (Aelett et al., 1975), and TGr in 
Chinese hamster ovary cells (CHO) (Hsie et al., 1975;
Hsie et al., 1978). In mouse lymphoma L5178Y cells, EMS 
induced mutations on TK, HGPRT, or Na+/K+ ATPase locus 
(Clive et al., 1979); and revertants of ASN” or ALA" 
mutants (Capizz et al,, 1974). EMS also induced mutants 
resistant to c-AMP analogues (Friedrich and Coffino, 1977). 
In human normal diploid fibroblasts or lymphoblasts, EMS 
induced mutations on the HGPRT locus (Stark and Little­
field, 1974; Bennett et al., 1978),
It induced mutants AAr, TGr, OUAr or FudRr in a 
derived heterozygous CHO cell line for adenine phosphori- 
bosyltransferase (aprt) and thymidine kinase (tk) loci 
(Carver, et al.,1980) and induced mutants resistant to
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BUdR or FudR in TK+^“ (heterozygous) L5178Y mouse 
lymphoma cells.
Most cell lines do not appear to contain metabolic 
activiting enzymes to any degree, therefore, DEN —  
catagorized as an indirected mutagen —  does not produce 
significant numbers of mutations (expect with the addi­
tion of metabolic enzyme systems from other sources).
In rat liver cell-mediated V-79 cells. DEN induced mutants 
OURr have been reported (Langenbach et al., 1978). With 
the Aroclor-induced S-9 mixture from rat liver in 15178Y/ 
TK+^- mouse lymphoma, DEN induced resistant mutants —  
BUdRr, TGr. Contrary to low mutagenic potencies observed 
for DEN in the standard Ames assay, more detectable poten­
cies have been reported in L5178Y/TK+<̂ “ mouse lymphoma 
cell culture (Clive et al., 1979).
Mammalian cell tissue cultures —  expecially human 
HeLa cells, diploid fibroblasts and microbial systems —  
have been extensively used in research on molecular mecha­
nisms for recovery from physical (UV, X-ray, etc.) or 
chemical changes in DNA molecules, and on repair mecha­
nisms after the alteration of DNA within the cells. In 
the next two sections, molecular mechanisms within the 
cell and ethylations and repair processes in response 
to reactions of chemical mutagens, EMS and DEN, will be 
reviewed.
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Molecular Mechanisms of EMS and DSN ethylations
Ethyl methanesulfonate (EMS, CH^SOjjCgH^) classified 
as a tnonofunctional SK1/SN2 type alkylating agent (Lawley, 
1974), is knovm as a "directly acting mutagen", which 
possesses a chemically reactive electrophilic group 
(CH-jCHg-) that can alkylate the nucleophillc centers on 
cellular macromolecules (nitrogens, sulfurs and oxygens of 
proteins and nucleic acids). The reaction between EMS and 
the macromolecules has been described as a slightly modi­
fied bimolecular (S^2) nucleophilic substitution (Lawley, 
1974 ; Csterman-Golkar et al., 1970). During the past two 
decades, the reaction products —  EMS alkylated nucleic 
acids (DNA and RNA) which might lead to promutagenic or 
mutagenic events —  have often been selected for further 
studies of their molecular mechanisms.
The other alkylating agent used in this research, 
diethylnitrosamine (DEN, (C2H^)2NNO ) is an "indirect 
mutagen" and potential carcinogen. Although DEN and other 
nitrosamines are chemically stable under physiological 
conditions, it is generally accepted that they exert their 
adverse biological effects after metabolic activation to 
reactive intermediates. The enzymes responsible for the 
activation are considered to be microsomal mixed-function 
oxidases from tissues in higher organisms, such as rat 
liver and distributed throughout the body in insects.
After the ot-C-hydroxylation and heterolysis via the
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enzyme reaction, the aldehyde is removed from DEN for 
further oxidation to COg. The remaining monoalkylnitro- 
samine is thought to generate the alkylation intermediates 
—  ethyl diazonium (Cg^Ng*) ion that readily forms a 
carbonium ion (CgH^*) which reacts more as an SN1 reagent 
with cellular components such as DNA, RNA and protein 
(Montesano et al., 1976; Lijinsky and Loo, 1968),
Sites of Alkylation in DNA or RNA
Not all nucleic acid bases are equally susceptible 
to alkylation and different sites within the same nucleic 
acid show differential sensitivity to chemical attack 
depending on such factors as nucleophilicity and the 
involvement of Watson-Crick hydrogen bonding in DNA double 
helix (wide or narrow groove), etc..
Brookes and Lawley (1961) first found that N-7 ethyl- 
guanine was produced by the reaction of EMS with calf 
thymus DNA and RNA from yeast or rat liver cells in a 
neutral aqueous solution at 37°C. Using an acid hydroly­
sis method in vitro and in vivo to separate EMS-ethylated 
DNA bases from HeLa cells, Brookes and Lawley (1963, 1966) 
reported that 92% of the total base ethylations were on 
the N-7 position of guanine. In rat tissue nucleic acid 
and Drosophila sperm cell DNA, a large amount of 7-ethyl- 
guanine was produced after the EMS ethylations (Swann and 
Magee, 1971; Lee et al., 1973).
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It was at first believed that alkylation at N-7 
guanine was the biologically significant event to produce 
mutations. However, loveless (1969) indicated that muta­
genesis was better correlated with the production of 0-6- 
alkylguanine than with the production of N-7-alkylguanine 
in bacteriophage. EMS induced 0.35 reverse mutations per
0-6-ethyl-guanine (lawley and Orr, 1975).
EMS ethylations also were found at a few sites, such 
as: the N-3 position of cytosine; the N-1, N-3, and N-7 
positions of adenine; the N-3 and 0-6 positions of guanine 
in DNA (lawley and Brookes, 1963; lawley, 1966; Brookes 
and lawley, 1963); and the N-3 position of cytosine in 
RNA (lawley and Brookes, 1963). In addition to base 
alkylation, there is good evidence that DNA is alkylated 
at the phosphodiester group to varying extents. Bannon 
and Verly (1972) measeured alkylation of phosphates in 
DNA and reported that phosphate alkylation represents 15^ 
of the total alkylation when DNA is treated with EMS.
The main sites in DNA of base alkylations by the 
alkylnitroso compound, DEN, include those EMS alkylated 
sites mentioned above. In addition, DEN ethylated the 
N-3 position of thymine and uracil with the 0-4 position 
of thymine also reported. There was more relative alky­
lation on the 0-6 position of guanine and the phosphates 
than resulted from EMS treatment (lawley et al., 1972; 
lawley, 1974; Magee et al,, 1976).
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Using the Swain-Scott s factor, which expresses the 
dependence of the primary reaction rate of the alkylating 
agent on the nucleophilicity of the receptor atoms (Swain 
and Scott, 1953)» the amount of each specific ethyla- 
ted product in nucleic acid can be predicted. DEN with 
low s values (0.26), alkylates more effeciently at the 
centers of low nucleophilicity, such as the 0-6 of guanine, 
when compared with agents of higher s values, such as EMS 
with a 0.67 s value, which show an enhanced affinity for 
sites with higher nucleophilic strength (n), e.g. N-7 
guanine and various amino acid resides; this has been 
recently confirmed (Sabourin, 1981). A similar chemical, 
ethylnitrosourea (ENU), which produces the same ethyl- 
groups as DEN, and with the same s value (0.26) as DEN, is 
also more effective at the 0-6 in nucleic acids (lawley,
1974).
In vitro and in vivo, ethyl products from the reac­
tion of EMS on HeLa DNA included 84-87% ethyl bases and 
8-1 3% ethyl phosphate. The order of ethyl bases was: 
7-ethyl-guanine (75-81%)>3-ethyl-adenine (2.2-2.4%)
1-ethyl-adenine (0.1-2%)^*7-ethyl-adenine (0.7-1.4%)> 
3-ethyl-guanine (0.4-0.7%), 3-ethyl-cytosine (0.1-0.8%), 
0-6-ethylguanine (0.4-0.7%). In Drosophila male germ 
cell DNA, the order of ethyl bases was: 7-ethyl-guanine 
(66.2%)^ 3-ethyl-adenine ( 4•2%)0-6-ethyl-guanine 
(^3*5%), with 21.9% on the phosphate (Sabourin, 1981).
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Singer (1975) suggested that significant amounts of 
0-6 alkylguanine were formed in vitro and in vivo in 
neutral aqueous solutions only with highly carcinogenic 
N-nitroso compounds, such as methylnitrosourea (MNU), ENU, 
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) and dialkyl- 
nitrosamines. The EMS alkylating agent is not the potent 
carcinogen which may relate to the relatively smaller 
portion of 0-6 alkylguanine products in nucleic acids from 
the ethylation of EMS than those from the ethylation of 
N-nitroso compounds (Singer, 1977).
The reaction of the direct-acting alkylating agent 
EMS, which does need metabolic activation, would be ex­
pected to occur in all cells which it penetrates —  auto­
radiographic studies suggest that it is able to pass 
through cell membranes into virtually all organs from 
mice. EMS is still regarded as a weak carcinogen for 
some specific organs in eukaryotes (Swann and Magee,
1971). On the other head, DEN requires metabolic activa­
tion to produce the reactive species which is responsible 
for mutagenic action. It was known that nitrosamines 
produced cancer only in those organs that were capable of 
metabolizing them, which indicates that specific organs 
contain some metabolic enzymes for the formation of me- 
tabolically activated intermediates from DEN. DEN pro­
duced turmors in a wide spectrum of organs in different 
species. Rezik et al., (1976) showed that the main target
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organ for DEN was the digestive tract in the Chinese 
hamster, DEN produced up to 100% squamous cell papillo­
mata and also, occasionally, carcinomata of the cheek 
pouch, while a high rate of hepatomata was simultaneously 
realized. In contrast, Syrian golden hamsters and Euro­
pean hamsters reacted to DEN hy the production mainly of 
neoplasms in the respiratory tract. The nasal cavities 
were the main target organs in the European hamster, 
whereas in the Syrian golden hamster, DEN showed its 
highest carcinogenicity in the trachea. Magee et al. 
(1976) reasoned that the tissue specificity of carcinoge­
nicity of DEN might he related to differences in the rate 
of removal of ethylated bases from DNA, The hamster lung 
is particularly sensitive to the carcinogenic effects of 
DEN, and it was found that the lung had very limited abi­
lity to excise O-6-ethylguanine from its DNA, In the next 
section, the repair mechanism of DNA in biological systems 
will be reviewed.
Molecular Mechanisms for Repair Processes
Mutant strains for several of the different repair 
enzymes found in bacteria have led to the concept of gene­
tic control of "error-free" versus "error-prone" DNA re­
pair mechanisms (Witkin, 1975). In E. coli, repair en­
zymes first derived from UV radiation are known including
(1) photoreaction enzymes for light repair, (2) excision 
enzymes for dark repair and (3) recombinant enzymes for
postreplication or recombination repair. Studies on DNA 
repair in a wide variety of eukaryotic cells derived from 
yeasts, higher plants, insects, rodents, birds, fish and 
human beings, have yet to be analyzed with the precision 
afforded to microbial systems (Trosko and Chu, 1975). 
Therefore, one or more DNA repair systems must be availa­
ble for the maintenance of genetic integrity during deve­
lopment in eukaryotes. A variety of methods have been 
used to study DNA repair synthesis. Perhaps the most use­
ful, but least quantitative, is to measure unscheduled DNA 
synthesis in which the incorporation of radioactive DNA 
precursors into individual eukaryotic non-S-phase cells is 
detected by autoradiography or other means. Other methods 
to detect repair have been reported in the review paper by 
Hanawalt et al., (1979).
Photoreactivation has been demonstrated in many 
living systems, including man (Hanawalt et al., 1979). 
Enzyme-deficient E. coli mutants could not remove intra­
strand thymine dimers from UV-damaged DNA and had ex­
tremely high mutation frequencies (Setlow et al., 1969). 
Reduction of UV-induced mutagenesis by photoreactivating 
light has been documented in Drosophila (Boyd and Presley, 
1974; Boyd, 1978 ), but, reports have indicated that the 
enzymatic and biological aspects of photoreaction do not 
exist in several in vitro mammalian cell systems, inclu­
ding those derived from human tissues (Troskoand Chu,
1975).
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Excision repair and postreplication repair which act 
upon dimers created by UV irradiation are present in res­
ponse to other types of damage to ENA, such as alkylation. 
This suggests that repair systems do not recognize the 
exact chemical nature of the damage, hut rather provide 
general error-correcting mechanisms which recognize some 
feature of the distortion of the secondary structure of 
double helix (Hanawalt et al., 1979).
The principle of excision repair after the alteration 
of ENA is very simple: the damage is recognized; a phos- 
phodiester strand break is made by incision via an exonu­
clease reaction on the strand containing the damage. The 
deleted stretch is reconstituted utilizing the intact com­
plementary strand as a template. A polymerase to synthe­
size ENA in the excised region and a ligase to restore the 
final phosphodiester bond are also required to complete 
the process. In some cases, the base excision form of 
excision repair is initiated by the sequential action of 
a glycosylase and an endonuclease for apurinic or apyri- 
midinic site rather than by a single damage —  specific 
endonuclease (Hanawalt et al,, 1979; Lehmann and Karran, 
1981). In human fibroblasts, apurinic or apyrimidinic 
(AP) Bites may become the substrate for direct replace­
ment of the missing base by an "insertase” instead of an 
AP-endonuclease (Linn et al., 1978). Excision repair is 
possible only in the duplex region of ENA, and obviously
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cannot operate on a single-strand DNA, such as in the 
region of a replication fork. Unless the polymerase can 
recognize the correct sequence, in spite of alteration, 
any replication past a lesion might be error-prone. In 
bacteria, replication past a lesion and a gap left oppo­
site the lesion in a daughter strand may be filled by 
strand exchange with intact homologous DNA. The lesions 
on parental strands remain. Nevertheless, they may allow 
another opportunity for excision repair and may result in 
a graudal dilution of defects as the cell continues to 
synthesize DNA and divide.
In the case of alkylation-damaged DNA, incision can 
be brought about essentially by three mechanisms: (1) 
direct endonucleolytic cleavage near an alkylated site,
(2) spontaneous hydrolysis of 3-alkyladenine residues and 
7-alkylguanine residues, resulting in apurinic sites which 
act as substrates for an apurinic acid endonuclease, and
(3) the sequential action of a DNA glycosylase and an 
apurinic endonuclease (Hanawalt et al., 1979; Lahmann and 
Karran 1981). Although 7-methyl and 7-ethyl guanine are 
apparently not specifically excised, they may be preferen­
tially lost by spontaneous depurination. An actively 
growing human cell is estimated to lose about 10,000 pu­
rines from its DNA in each generation (Lindahl, 1979).
The depurination of 7-methylguanine from the methylated- 
DNA of mammalian cells is 100 times higher than the
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spontaneous depurination rate in normal cells. These data 
strongly imply that effective, essentially error-free re­
pair systems exist to cope with apurinic sites. Zoltewicz 
et al. (1970) indicated that alkylated purine residue be­
comes a better leaving group than an uncharged purine, 
thus, there is no fundamental mechanistic difference be­
tween the release of an alkylated purine, such as 7-me- 
thylguanine, vs. unmodified guanine. The order for 
releasing methyl groups from methylated purine deriva­
tives is: 7-methyladenine>7-methylguanine:>3-methyl-
guanine>>0-6 methylguanine (Lawley and Warren, 1976). 
Besides depurination, 3-methyladenine removed by a glyco- 
sylase in E. coli has- been found. A glycosylase recogni­
zing 3-methyladenine and 3-ethyladenine has been isolated 
from E. coli (Lindahl, 1979). Glycosylases for 0-6 methyl­
guanine have been found both in bacteria and in human cells 
(Goth-Goldstein, 1977).
Depurinated DNA was incised near AP sites by AP-endo- 
nuclease. Several endonucleases have been isolated in 
bacteriophage T^, E. coli, and Micrococcus luteus (Lin­
dahl, 1979), Drosophila (Boyd, 1978; Spiering and Deutch, 
1981), plants (Thibodeau and Verly, 1977) and mammals 
(Lehmann and Karran, 1981). In E. coli and Hemophilus 
influenzae, AP endonuclease II with associated exonuclease 
II with associated exonuclease III activity was found.
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The AP endonuclease cleaves the phosphodiester "bond at AP
sites and incision appears to be an energy-requiring pro-
+2cess —  ATP and Mg dependent in many different species 
(Lindahl,1979). Repair in the absence of protein synthe­
sis is primarily dependent on DNA polymerase, and probably 
relates to short patch repair (30-50 nucleotides). Long- 
patch repair (300-500 nucleotides) is dependent on a pro­
tein induced in response to UV damage. Completion of ex­
cision repair occurs when repair patchs are covalently 
linked to restore strand continuity. This function is 
performed in E, coli by polynucleotide ligase.
Postreplication repair was originally described in 
excision-deficient mutants of E. coli K-12 (Rupp et al., 
1968). It refers to the capacity of a cell to synthesize 
DNA on a damage template. When the damages in replicating 
DNA pose a temparary block to the machinary for DNA synthe­
sis, nascent polydeoxyribonucleotide chains stop growing 
because of physical or chemical changes in the DNA tem­
plates. Gaps in the daughter DNA strands are generated 
opposite these lesions and presumably extend up to the 
next segments of replicated DNA. Afterwards, however, DNA 
polymerization bypasses the damage sites of the parental 
DNA templates and continues the assembling of the daughter 
strands up to completion (Lindahl, 1979; Hanawalt et 
al., 1979).
In bacteria, postreplication repair which is
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controlled by recA+ genes (for recombination) develops 
with an exchange of DNA material between parental and 
daughter strands (Rupp et al., 1971). This illegitimate 
DNA recombination fills the gaps in the newly synthesized 
ploydeoxyribonucleotide chains. Recombinational DNA 
exchanges do not seem to be frequent for postreplication 
repair in mammalian cells (Lehmann, 1972), The whole 
mechanism for the postreplication repair in mammalian 
cells has not been described satisfactorily and the de­
tails of its biochemical pathway still remain to be ex­
plained, but polymerase and ligase used in excision repair 
synthesis are also used to fill the single stranded gaps 
and close the strand break in postreplication repair 
synthesis in mammalian cells.
In Drosophila, a model of proposed repair pathways 
UV-induced DNA lesions was presented by Boyd et al. (1976). 
Their data indicated that at least three dark repair 
pathways —  excision repair, and postreplication with and 
without caffeine sensitivity —  are capable of responding 
to UV-induced lesions.
The recent demonstration that long-patch (300-500 
nucleotides) repair requires protein synthesis and the 
recA+ gene, and is mediated by DNA polymerase II and III 
in UV radiation E. coli, lends support to the idea that 
long patches are a manifestation of the error-prone 
synthesis operating in excision repair. In contrast, the
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constitutive short-patch (30-50 nucleotides) pathway is 
recA+ and lexA+(repressor protein for rec gene) —  inde­
pendent and mediated "by DNA polymerase I in E. coli.
The replication of DNA containing molecular altera­
tion may also result in the formation of incorrect nucleo­
tide sequences. Sometimes, postreplication repair has 
been viewed mainly as error prone, although some of the 
proposed mechanisms for such a repair imply faithful 
duplication of the DNA strands (Higgins et al., 1976).
Alkylating agents —  MMS, EMS, ENU and MNNG elicit 
an adaptation response in cell culture systems. Cells 
adapted to any one of these compounds are also adapted to 
the other (D’Amhrosio and Selow, 1978). Adaptation 
appears to reduce the accumulation of 0-6 methyl guanine 
hut not that of 3-methyladenine in DNA. The level of a 
third purine adduct produced by MNNG, 7-methylguanine, is 
not affected by adaptation (Hanawalt et al., 1979). As yet 
the molecular mechanism of the adaptive response is un­
known. It might involve an inducible glycosylase, an 
endonuclease, or perhaps a specific demethylase for 0-6 
methylguanine. Although such demethylase activities have 
not been reported in bacteria, there is evidence for an 
0-6 methyl guanine in mammalian cell extracts (Pegg and 
Hui, 1978). In rat livers, the removal of 0-6 methyl 
guanine for DNA may be due to a demethylase; this removal 
is more rapid in animals given low levels of dimethylnitro-
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samine for several weeks prior to a large dose of the agent 
(Montesano et al., 1979). Larger, possibly saturating 
doses, decreases removal (Pegg and Hui, 1978).
In Drosophila, the spontaneous meiotic mutant C(3)G 
in the repair of X-ray and EMS-alkylation damage has been 
implicated by Watson (1972). The oocytes are hypersensi­
tive to the induction of dominant iethals by X-ray, which 
induced higher frequencies of recessive Iethals in female 
or male germ cells. In addition, mature sperm of C(3)G 
males are hypersensitive to the induction of a recessive 
lethal by EMS (Baker et al., 1976), which indicates that 
this mutant is defective in a repair process, perhaps in 
recombination repair. No synaptomenal complex in the 
female oocyte was found from electron microscopic obser­
vation (Baker et al., 1976). Using cultured cells from 
different Drosophila embryos, meiotic recombination 
mutants, mei-9 and mei-41 have been characterized as de­
fective in UV-induced excision repair by Boyd et al. 
(1976).
Following treatment with EMS or DEN, Nix et al.
(1980) reported that a significant increase in the sex- 
linked recessive lethal mutation frequency when mei-9a 
males were used, but only in broods corresponding to the 
treatment of sperm or spermatocyte stages. Some type of 
error-prone DNA repair process in mei-9 locus might be 
involved.
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MMS-sensitive mutants, mus(2)205, mus(3)308 also show 
certain degrees of defect in excision repair. Several 
mutants have "been shown to he defective in UV-induced D M  
postreplication repair pathways. The mutants mus( 1)101, 
mus(3)302 and mei-41 are defective in caffeine-sensitive, 
crossing-over dependent postreplication repair. The 
mus(1)104 is defective in caffeine-insensitive, crossing- 
over independent postrepoication repair (Boyd and Setlow, 
1976; Nguan and Boyd, 1977). This suggests that some 
enzymes may he recognized by both alkylated and UV-altered 
DNA sites as substrates in these mutants.
In mice, repair synthesis detected by the unscheduled 
uptake of H-methyl-thymidine into D M  was found in early 
spermatids and spermatocytes after EMS treatment (Sega, 
1974; 1976a,h). Late spermatids and mature sperm did not 
appear capable of repairing DNA lesions although their DNA 
was ethylated. The insensitive D M  repair in late sperma­
tid and sperm actually related in peak sensitivity to the 
induction of dominant Iethals by EMS•
Research Goal for this Dissertation
It has long been known that EMS or DEN induces 
different frequencies of sex-linked recessive lethal 
mutations for different Drosophila germ cells. Whether 
the EMS retained ethylations in various germ cell DNA 
were related to these different mutation frequencies was 
not known until labeled EMS was used in dosimetry experi-
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ments with Drosophila. DEN retained ethylations in fly 
germ cell DNA were studied only recently after the labeled 
^H-DEN was commercially available (Lee et al., 1981).
Lee (1975) defined the dose for EMS as the amount 
of alkylations per nucleotide in sampled mature sperm.
The dose for a specific germ cell stage of D. melanogaster 
was measured by collecting the receptacle sperm samples 
from a specific mating in a predesigned experiment. How­
ever, only those samples (sperm and spermatids) from the 
first two matings were used for dosimetry due to insuffi­
cient radioactivity yielded from later matings (Aaron and 
Lee, 1978).
Autoradiography has provided several advantages for 
the detection of low levels of labeled alkylation in dif­
ferent germ cells. Ethylations from an ethyl-labeled 
chemical is detected as silver grains in autoradiographs 
while the exposure time is suitably adjusted to give a 
measurable level of silver grains. Silver grains, the 
•reaction products of tritium labeled-ethyl methanesulfo- 
nate or diethylnitrosamine ethylations on sperm head with 
photographic emulsion, can be easily recorded without 
including the mitochondria which are located throughout 
the entire tail except the posterior end in mature sperm 
of Drosophila melanogaster. Autoradiography preserves 
the morphology of the tissue, thus complementing infor­
mation obtained from dosimetry based on extracted DNA.
f
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Determining EMS dosimetry in mice, Sega (1974 and
1976) found an increased number of ethylations in vas 
sperm at 9-10 days post-injection of EMS was not due to 
increased ethylation of DNA; however, it was possible that 
ethylation of another nuclear component, such as protamine, 
might account for the increase. Ethylated protamine might 
lead to dominant Iethals in mice or flies through a 
weakening of the chromatin structure, perhaps by ethyla- 
ting the sulfhydryl groups of cysteine and by blocking 
normal disulfide bond formation in the condensing sperm 
nucleus during spermiogenesis (Ehrenberg et al., 1974). 
Therefore, silver grains, the selective reaction products, 
resulting from the reactions between the ^H-ethyl groups 
of EMS (or DEN) and the target molecule —  whole sperm 
head with or without enzyme (RNAase, pronase and trypsin) 
digestion were recorded in most samples in this research. 
The sperm samples, which represent most germ cell stages 
at the time of chemical mutagen (EMS or DEN) treatment, 
were collected over a long period (14 days for EMS and 
28 days for DEN were maximum time period). Response- 
average grains per sperm head —  was calculated for these 
samples for each germ cell stage. A high average grain 
count per sperm head correlated with the germ cell stages 
that gave the high frequencies of sex-linked recessive 
Iethals.
Whether an exposure-response curve (EMS feeding
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concentration versus grain count per sperm head) 
exists, or whether a relationship "between dose (defined 
in previous reports by Aaron and Lee, 1978) and grain 
count per sperm head in mature sperm exists for EMS will 
be considered from the results presented in this paper. 
In addition, this dissertation will consider a relation­
ship between loss of alkyl groups and spontaneous hydro­




All Drosophila melanogaster males used in these 
experiments are only surviving progeny from a cross be­
tween males of the genotype RY^t bb~/X*YS, InEN2, f bb* 
and females carrying the bobbed deficient C(1)DX, 
attached-X chromosomes and the marked Y chromosome, B^^, 
bb+, (KS1+2)" y* ac+. Since all female progeny carry the 
RYL bobbed deficient chromosome, they die in the early 
embryonic stage of development because of a deficiency 
in r-RNA. The genetic constitution of the surviving male 
progeny, which are denoted from here as "CB" males, is 
BSYL. bb+ (KS1+2)“ ,v+ acV x*YS, InEN2, f (refer to Lee,
1975). The X chromosome from parental males is an entire 
inverted chromosome carrying a mutant allele of forked 
bristles and having the short arm of the Y attached distal 
to the centromere. The marked Y chromosome from parental
q  ,females was derived from B Yy (Brosseau, 1958) by indu­
cing a deletion (KS1+2)-, thus, resulting in a marked Y
Qdeficient for Y fertility factors. The male progeny are 
fertile because these fertility factors are provided by
gthe Y attached to the X-chromosome. The marked Y chro­
mosome of the parental females carries the normal alleles 
of yellow (j£+), achaete (ac+) and 1( 1 )J1* as a duplication 
of the tip of the X-chromosome in place of the Y^; the Y^ 
carries at its distal end a duplication that contains the
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normal alleles of podfoot (pdf+), suppressor of forked 
(su-f*) and Bar of Stone (BS) (Brosseau, 1958; Brosseau
Cet al., 1961). This dominant mutant B and the recessive 
mutant, forked, on the X-chromosome give CB male bar eyes 
and forked bristle phenotype. Bor a description of these 
mutations see Linsley and Grell (1968).
The virgin females used in these experiments were 
derived from a cross between males that have a normal 
Y-chromosome and a complete inverted X-chromosome and 
females that have two complete X-chromosomes with in­
versions to prevent crossing over. Each X chromosome 
carries a sex-linked recessive lethal mutation. The 
recessive Iethals, 1(1)J1 opposite an unmapped lethal,
1_, on the two X-chromosomes are non-allelic and do not 
affect female viability. After this maternal genome is 
united with a paternal genome with a normal Y-chromosome, 
two different kinds of male embryos are produced. How­
ever, these embryos are inviable since they are hemizygous 
for one of the X-linked recessive Iethals. Only two kinds 
of female progeny are produced from the cross. One kind 
of female has a genotype X»YS. In(1)dl-49« 1(1)J1 ys v f 
B/ In (1)dl-49+Bm1. y ac v Bm  ̂ with kidney shaped, 
vermillion colored eyes and a yellow body. The other kind 
of female used in these experiments has a genotype In(1) 
sc8, sc8 1 B/ In(1)dl-49+Bm1. y ac v Bm1 with kidney 
shaped, normal color eyes and a normal gray body (lee, 1975).
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Chemicals
•Z(1- H) ethyl methanesulfonate was made available 
through custom synthesis by New England Nuclear at a 
reported specific activity of 4*8 Ci/mMole (NEN Lot # 
1147-045). The fidelity of labeling was verified by gas 
chromotography showing that the only labeled hydrolysis 
product was ethanol (Aaron and Lee, 1978). The tritium 
labeled ethyl group could then be detected in DNA extracts 
from sperm and embryos (Janca, 1978).
Samples of labeled EMS for different concentrations 
in these experiments were all drawn from this lot of veri­
fied material. To prevent radioautolysis the labeled EMS 
was stored in sealed ampules at a concentration of 10 mCi/ 
5ml of dry ether at -20°C. Before treatment, (I-^H)-EMS 
was transferred to a glove box. Then, the ether solution 
of labeled EMS was layered over 1% sucrose solution and 
evaporated with a stream of dry nitrogen. The effluent 
ether was passed through a trap of mercaptoacetic acid. 
Eollowing evaporation of ether, triplicate 20 ul aliquots 
of the sucrose solution of labeled EMS were diluted serial-
•zly. The amount of H-EMS in 1# sucrose solution was deter­
mined by counting serial dilutions in the liquid-scintil- 
lation spectrometer. Before the feeding experiments, 
non-labeled EMS in 196 sucrose solution was added to adjust 
specific activity of the labeled (I-^H)-EMS.
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(2-^H)-diethylnitrosamine was purchased from 
New England Nuclear with a reported specific activity of
3.6 Ci/mMole. It was stored in sealed ampules at a concen­
tration of 11 mCi/5ml of diethyl ether at -20°C. Samples 
of labeled DEN for different concentrations in this re­
search were all drawn from NEN lot # 1202-184. labeled 
DEN in an ampule was transferred to a glove box on the 
day of treatment. Before evaporation of ether, triplicate 
20 ul aliquots of the ether solution of labeled DEN were 
diluted serially. The amount of labeled DEN in original 
ether solution was determined by counting serial dilutions 
in the liquid-scintillation spectrometer. Then, the ether 
solution of labeled DEN was layered over 1 ml distilled 
water and evaporated with a stream of dry nitrogen. The 
effluent ether was passed through a decontamination solu­
tion mixed with zinc, acetic acid and distilled water in 
a ratio of 1:1:1:1.5. Following evaporation of ether 
triplicate 20 ul aliquots of the distilled water solution 
of labeled DEN were serially diluted. The recovered 
amount of labeled DEN in the distilled water was decided 
by using a liquid-scintillation spectrometer for counting.
A small amount of distilled water was often used to dilute 
labeled DEN solution for the final feeding solution.
Several vials methyl- H-thymidine were obtained from 
New England Nuclear at a specific activity ranging from 
50.5 to 57 mCi/mMole. ^H-thymidine was used in timing
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of spermatogenesis for CB adults.
Enzymes used in this research included trypsin 
(Simga Chemical Co., bovine pancreatic type III, salt free, 
T-8253)» RNAase (Worthington Biochemicals, phosphate-free) 
and pronase (Calbiochem., soluble grade A, 537011), Other 
reagent grade chemicals included, 2-mercaptoethanol (East­
man), sodium lauryl sulfate, trichloracetic acid (Fisher 
Scientific), NaCl, KC1 (J. C. Baker Chemical Co.), CaClg, 
Na-phosphate (Mallinckrodt Chemical Works), ethyl alcohol 
(U. S. Industries, absolute and 95%)* Acridine orange and 
Giemsa stain (Matheson Coleman and Bell), Basic fushion 
(Allied Chemical Corporation) were the three dyes used 
in this research. The chemicals for photography were D-19, 
HC (high contrast) developer (Dilution B), fixer, NTB-2 
emulsion, Tri-X, Pan-atomic-X and Plus-X pan films (East­
man Kodak).
Experiments
(1) Experiment 1 —  Log^95
A 1% sucrose solution was added to adjust the reco- 
•5vered "H-EMS from one sealed ampule to a feeding concen­
tration of 0.5 mM. Then, the ^H-EMS sucrose solution 
was divided into two portions and adjusted to 3230 mCi/
mMole at 0.5 mM and 62 mCi/mMole at 25 mM. The dilution 
•1log: recorded in the Log-Book in the mutagenesisresearch laboratory of Dr, W. R. Lee, the Zoology department, LSU.
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factors (1.0 and 50) for adjusting specific activity with 
nol-labeled EMS were calculated from measurements made with 
calibrated volumetric pipettes using the initial specific 
activity. The change in concentration is compensated for 
by a change in specific activity to provide the same amount 
of radioactivity (1,61 mCi) in each vial.
^H-EMS at two different concentrations (0.5 and 25 mM) 
in 1% sucrose solution was separately applied to glass 
fiber filter supports in shell vials, 1 ml of solution per 
treatment vial. The 5-day old CB males were placed in each 
treatment vial (60 flies per vial) and allowed to feed for 
24 hours at 25°C. Following this feeding period, five 
males from each vial were immediately dissected. The rest 
were transferred from their original treatment vial to a 
fresh medium. These remaining flies were dissected at 
different times after treatment day (2nd-14th days).
When each fly was dissected, its testes were used to 
make cytological squash preparations. As a matter of con­
venience, different regions of the testis of each fly were 
separately arranged on different locations on the same 
slide. The Drosophila Ringerfs solution (0.75% NaCl,
0.035% KC1 and 0.021% CaClg) was used in all dissections.
** Cytological Preparations
After dissection, the tissue (testis or receptacle) 
was transferred to an acid-washed silicon coated glass 
slide with a drop of Drosophila Ringer's solution. By
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mechanical force, using a fine dissecting needle, the 
tissue was torn apart exposing the sperm, A silicon- 
coated cover slip was placed over the tissue and the slide 
then cooled for one minute on dry ice. The convenient 
dry ice technique helps to retain most of tissue attached 
to a clean silicon-coated slide. The cover slip was re­
moved with a razor blade and the slides were transferred 
through an alcohol series —  95%, 70%, 50% and running 
water. (Further enzyme treatment may he used after rehy­
dration if necessary.) To remove any acid soluble iso­
topes, the slides were treated with 5% trichloroacetic 
acid at 5°C for 1 hour with intermittent agitation,and 
then rinsed three times in cold 70% alcohol, passed 
through 70% alcohol at room temperature, 50% alcohol and 
distilled water. Finally, the slides were dried in dust 
free air, for further autoradiography procedures (refer 
to (5) in section Experiments).
(2) Experiment 2 —  Log 98
The feeding procedure in this experiment was the same 
as in experiment 1. Sixty five-day old CB males were 
placed in a feeding vial containing 1.0 mM "H-EMS, which 
had a specific activity of 4.73 Ci/mMole and total radio­
activity of 5.18 mCi in 0.7 ml 1% sucrose solution. After 
24 hours of feeding, the flies were transferred to fresh 
media. Five flies were sacrified at 12 hours after fini­
shing treatment. Further dissections were made daily
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thereafter until day 9*5. The testes were used to make 
cytological preparations as described in experiment 1.
(3) Experiment 3 —  Log 100
Five-day old CB males and gray females, which had 
been inseminated for 24 hours before treatment by matured 
CB males, were used in this experiment. Different Chemi­
cals at various concentrations in 1 ml of 1% sucrose solu­
tion applied to glass fiber filter supports in four empty 
vials are shown in the following list.
Group 1 and 2: 0.14 mM 1-^H-EMS feeding solution for
vial 1 and 2, specific activity (S.A.) = 4.8 Ci/mMole. 
Group 3 and 4: 28.0 mM 1-^H-EMS feeding solution for 
vial 3 and 4, S.A. = 24 mCi/mMole.
Total radioactivity (0.6 mCi) for all vials is the same. 
Sixty flies were place in every feeding vial, stock CB
males in vials 1 and 3 and gray females in vials 2 and 4.
At room temperature, these flies were allowed to imbibe 
the feeding solution for various periods, from 2 hours to 
24 hours. From each vial, different numbers of flies were 
successively transferred into five separate vials of fresh 
media after 2, 5, 8, 16 and 24 hours feeding treatment, 
respectively.
In each group, 20 flies which had been fed for only 
2 hours belonged to subclasses A, B, D, G, and K; 16
flies were fed about 4 hours in subclasses C, E, H and L;
and after 8 hours feeding, 12 flies belonged to subclasses
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F, I and M; with 8 flies in subclass J and N after 16 
hours of feeding. Finally after 24 hours feeding, sub­
class 0 was comprised of the last 4 flies from each vial, 
There were 4 flies in every subclass (from subclass A to 
0), and 60 flies in every group (group 1 to 4 which cor­
respond with feeding vials 1 through 4).
For each different group, four flies in subclass A 
were dissected at 3 hours after feeding, 8 flies in sub­
classes B and C were sacrificed at 6 hours after feeding 
and 12 flies in the subclasses D, E, and F at 14 hours 
after feeding. Sixteen flies in subclass 0, H, I and J 
were dissected at 24 hours and 20 flies in subclass K, L,
M, N and 0 were sacrificed at 44 hours after feeding. The 
flies had been dissected at the same time in different 
subclasses, however, they were not fed in the same time 
period. The detailed time schedules of dissection for 
each subclass are shown in Table I, The testes and 
seminal receptacles from the dissected flies were used to 
make cytological preparations described in (1) of this 
section, Feulgen stain was used after these cytological 
preparations.
(4) Experiment 4 —  Log 111
0.7 ml 1% sucrose solution of yH-EMS at a concen­
tration of 1.0 mM (specific activity of 4.79 Ci/mMole, 
total radioactivity of 3.11 mCi per feeding) was used in 
this feeding experiment. The concentration and specific
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Table X: Dissecting time schedule for experiment 3:
Total feeding Hours of dissection after the 
Subclass ^ours beginning of feeding in group:
___________________________1_______ 2_______3________4
A 2 3 3 3.5 3.5
B 2 9 9 9.5 9.5
C 5 - - 6 6
D 2 14 14 14.5 14.5
B 5 12 12 13 13
F 8 10 10 10 10
G 2 23 23 24 24
H 5 22.5 22.5 22 22
I 8 21 21 21.5 21.5
J 16 19 19 19.5 19.5
K 2 52 52 52.5 52.5
L 5 53 53 54.5 54.5
M 8 49.5 49.5 49 49
N 16 46.5 46.5 47 47
0 24 44.5 44.5 44 44
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activity were about the same as those in experiment 2. 
Sixty one or two-day old males were fed and transferred to 
a fresh medium after feeding for 24 hours. Twenty flies 
were used to make squash preparations. Ten flies were 
dissected on day 1.5, from the beginning of treatment. 
Another ten flies were sacrificed on day 5.5. For each 
fly two testes were placed on different glass slides.
Two cytological preparations for each fly were made, (the 
same as for experiment 1). One of the squash preparations 
for each fly was used in further enzyme digestion, des­
cribed in the following section.
(5) Experiment 5 —  Log 119
Two glass scintillation vials (with screw caps rather 
than cotton plugs) were used as the feeding vials in this 
experiment; 0.62 mM ^H-DEN with a specific activity of
3.6 Ci/mMole (total radioactivity is 1.72 mCi per feeding) 
in 0.7 ml distilled water was applied to the glass filter 
paper in each scintillation vial. Seventy five-day old 
gray female flies were inseminated for 3 days prior to 
treatment by mature CB males. Then, these inseminated 
females and another 100 five-day old CB males were placed 
separately into the two feeding vials and allowed to feed 
for 24 hours at 25°C. Following this feeding time, the 
females and males were separately transferred to a fresh 
medium from each original treatment scintillation vial.
Six flies from each vial were immediately dissected;
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during the next 24 hour recovery period, six flies from 
each vial were dissected at 6 hour intervals. Treated 
gray females were then dissected daily for 9 days. The 
remaining 60 treated CB males were mated to virgin gray 
females following the recovery period in a ratio of one 
male to five females per fresh medium. After the three 
day mating period, the inseminated females were separated 
from the treated males. The progeny produced from the 
first mating were designated as "brood 1". The treated 
CB males were remated several times with new virgin gray 
or yellow females, up through a sixth mating, in the same 
ratio as that of the first mating. The second mating 
was two days longer than the first mating, and was follow 
followed by a four-day third mating. The fourth mating 
continued for another three days and was succeeded by a 
four-day fifth mating, The sixth mating lasted for 10 
days.
The inseminated females stored the sperm, transferred 
from the treated CB males, in their seminal receptacles. 
For collecting sperm samples from all treated CB males 
after each mating at least one of the five females from 
each mating vial was selected for dissection; the remai­
ning females were frozen for later analysis. The recep­
tacles from treated females and inseminated females which 
mated with treated CB males were used to make cytological 
squash preparations. For each CB male, the two testes
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were placed on separate glass slides. Two cytological 
preparations were made, as in experiment 1. One of the 
squash preparations for each fly was used in further 
enzyme digestion which is described helow.
** Enzyme Digestion
Enzyme digestions were carried out by immersing 
prepare slides in clean staining jars containing the 
disignated enzyme solution. Squash preparations with 
germ cells were digested with trypsin (5 mg/ml 1X Stan­
dard-saline citrate, or SSC, which is composed of 0,15 M 
NaCl and 0.015 M NaCitrate in distilled water) and RKAase 
(1 mg/ml 1X SSC) for 1 hour at 37°C. RNAase had been 
preheated to remove DNAase activity. Pronase, which was 
digested in distilled water before use, was added into 
the previous mixture after 1 hour digestion. The enzyme 
reactions continued for another 3 hours at 37°C. Then, 
cold trichloroacetic acid (TCA) 5% at 5°C was used to stop 
the reactions. TCA was also used to remove the unincorpo­
rated label from the germ cells. The slides were washed 
again in 70% alcohol 3 times and rinsed in running water, 
distilled water. Finally, they were dried in air for 
autoradiography.
Autoradiography with liquid Emulsion NTB-2
The NTB-2 emulsion, a gel at room temperature, was 
melted in a 45°C water bath in the dark room. The indica­
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tor light on the hath was covered with a piece of black 
tape to avoid accidential exposure of emulsions. Each new 
bottle of NTB-2 emulsion (118 ml) was tested by melting 
the full bottle in a water bath and dipping a clean slide 
directly into bottle. The test slide was allowed to dry, 
and then developed and checked for background. For all 
dark room operations, a Wratten series number 2 safe 
light filter (red) with a 15 watt bulb was used and work 
was carried out at a minimum of 3 feet from the light.
For dipping slides, the emulsion was poured into a 
vessel shaped to take one microscope slide at a time, or 
two slides arranged upright and back-to-back with biolo­
gical material facing out. This type of vessel, which 
was purchased from Electron Microscopy Supply, has a wide 
mouth at the top and a narrow body which allows about two 
microscope slides to be dipped. The main advantage of 
this vessel is that a minimum amount of emulsion is needed 
to provide the proper depth for dipping. Before coating, 
the slides were warmed to reduce cooling of the emulsion 
during dipping.
As a slide was withdrawn from the emulsion, it was 
held for a moment at the top of the vessel to drain.
After dipping and draining, the slides were separated 
and placed upright in a neoprene-coated test tube rack to 
drain and dry. (The openings in the rack are ;just large 
enough to allow a slide to be fitted diagonally across
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the openings so that the slide is supported at one end 
and at the edges). The emulsion left in the dipping 
vessel after all slides were coated was normally discarded. 
After the slides were thoroughly dry (usually slides are 
left in the dark for 3 hours or overnight, but this is 
much longer than necessary), they were transferred from 
the racks to black plastic lighttight slide boxes (capa­
city of 25) with a drying agent (silica gel Droerite), 
which helped to maintain a low humidity condition in the 
storage box, thereby minimizing the effects of latent 
image fading. Also, the slide boxes were sealed with 
electric wire black tape to eliminate any light leaks.
They were stored in the refrigerator at 5°C for exposure 
10 to 14 days. The low temperature helped to minimize 
the effects of chemical interaction between the specimen 
and emulsion layer. Development of a test slide after 
a few days gave enough information to permit a good esti­
mation of how long the slides should be allowed to remain 
exposed. At the end of the exposure period, to avoid 
moisture condensation on the surfaces of the cold slides, 
the slide boxes and their contents were warmed to room 
temperature (2 to 3 hours) before unsealing and opening 
the boxes.
In the dark room, the slides were developed for 2-3 
minutes in D-19 developer at room temperature (22-24°C), 
rinsed 10 seconds in water, and fixed for 5 minutes in
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Kodak acid-fixer. After fixing, the slides were rinsed 
in running water for 20 minutes, given a final rinse in 
distilled water, and dried, The dried slides were stored 
for further observation,
Observation and Recording of Data
Besides early stem cells and the mature sperm, there 
are many individual cysts in the Drosophila testis. Each 
cyst contains many synchronized spermatogenic cells with 
a common cytoplasm. The intercellular connections per­
sist throughout most of spermatogenesis. Since there 
are only a few stem cells in the adult testis, predomi­
nantly mature sperm were used in this research.
The mature sperm can be subdivided into a head and a 
tail, the average mature sperm having a total length of 
approximately 1800 um with a tail that is more than 150 
times the length of the head (refer to lindsley and Toku- 
yasu, 1980). The needle shaped head, including the acro- 
some, is about 10 um in length and 0.3 um in width. In 
cross section, the width of the tail is from 0.3 um at its 
very end to 0.45 um in the upper part. Because the mature 
sperm have very long tails, they usually entangle each 
other in the vesicle or at the posterior end of the testis. 
Several physical and chemical methods were used in attemp­
ting to disperse sperm into single-cell suspension, with 
none being successful. In a good cytological preparation, 
separated sperm heads stained with fluorochrome acridine
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orange could "be easily distinguished from the other parts 
of the sperm under fluorescent microscopy.
Except for treated inseminated gray females from 
experiment 3 and 5, the sperm which were sampled from 
early days after the feeding experiment represent more 
mature germ cells, while the sperm of later days after 
the feeding experiment represent younger germ cells 
during the period of the chemical mutagens (labeled EMS 
or labeled DEN) treatment. Through the autoradiography 
technique, using the same procedures and exposure time, 
for all samples the number of silver grain on the sperm 
head simply represents relative retained ethylations in 
different male germ cell stages. In this research work, 
all cytological preparations were stained with acridine 
orange (AO) fluorescent stain before observations with 
fluorescent microscopy. AO stock with 100 ug/ml in 
phosphate buffere (0.45 M NaCl, 0.03 M KC1, 0.01 M Na- 
phosphate, pH=7.0) was stored in a 5°C refrigerator 
and was diluted 100 times just before staining 
(Holmquist, 1975). Before observation, a drop of AO 
stain was added on the slide which had been through all 
the preparatory procedures for autoradiography. A 
coverslip was used to cover the stain and the material 
on the slide. Then, the observations were made in 
darkfield with a Leitz Microscope, which was equipped 
with a HB0-200 mercury lamp and a 6V, 15V.T regular
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tungsten lamp. The leitz Microscope has the twin lamp 
unit which facilitates alternating or simultaneous 
illumination of the specimen with UV radiation and low 
voltage tungsten light. Using both light sources with 
two excitation filters, BG-38 and BG-12 and a barrier 
filter, yellow, 58, individual sperm heads were recogni­
zed. An insert including barrier filters then blocked 
the UV radiation and the silver grains and the located 
sperm heads were shown in darkfield. The silver grains 
on the whole area of the single sperm head were carefully 
recorded. The insert including barrier filters was alter­
nately removed to reassure an overlap between the area of 
the single sperm head and the grain scoring.
Fifteen to thirty sperm heads from each slide prepa­
ration were scored, the numbers of silver grains were 
recorded along with the horizontal and vertical indices 
set up on the microscope. Each chosen sperm head, which 
was considered a suitable sample, was in an area of low
pbackground (less than three grains per um ) (Bisconte, 
1979). Sperm heads overlapping other sperm heads, sperm 
tails or other tissue debris were not used in scoring, 
because the increasing thickness of a weak B-emitting 
sample relates to an increase in self-absorption and a 
decrease in the grain counts of the samples.
Finally, following the written "SAS" program (Appen­
dix I), all the data for experiment 1, 2, 4 and 5 were 
calculated by the computer IBM 3033 at LSU.
RESULTS
Timing in Drosophila CB Adults Spermatogenesis
DNA synthesis in a few stocks of Drosophila melano- 
gaster spermatogenesis has already been studied. For 
this research, timing of spermatogenesis in CB adults 
followed methyl- H-thymidine treatment similar to that 
of Chandley and Bateman (1962), Olivieri and Olivieri 
(1965) and Kaplan et al. (1964), with feeding being used 
instead of injection; previous investigators usually 
used sections of testes for autoradiographs, whereas 
this work employs squash preparations.
The pattern of labeling of spermatogenic stages was 
very similar to the previous reports from Lindsley and 
Tokuyasu (1980), Chandley and Bateman (1962), Olivieri 
and Olivieri (1965) and Kaplan et al. (1964). The most 
mature stages labeled during the first three days were 
spermatocytes. Early spermatids were first labeled on 
day 4, and continued to appear through day 9, whereas 
labeled mature sperm were first observed on day 10 and 
thereafter (Fig. 1). Therefore, the period from pre- 
meiotic DNA synthesis in the spermatocyte to the matura­
tion of sperm in the vesicle is about 10 days.
In Table II, the sequence in which germ cell stages 
reach maturity is correlated with successive days of 
sampling following treatment (such as, methyl-^H-thymidine, 
ethyl-1-^H-EMS and ethyl-2-^H-DEN used in this research).
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Fig, 1: labeled germ cells of adult CB males in squash
preparations from autoradiography after 'H- 
thyraidine feeding (picture 1(c) —  400X, other 
pictures —  1000X),
(a)-Labeled 8-cell cyst (spermatogonia) focused 
on tissue with Feulgen stain at 24-hours post 
feeding,
(b)-Labeled 8-cell cyst from (a) focused on silver 
grains.
(c)-Two labeled 16-cell cysts (very early spermato­
cytes in premeiotic DNA synthesis) at 2-hours 
post feeding,
(d) and (e)-Snlarged labeled 16-cell cysts from (c),
(f)-Labeled spermatid heads (in the same cyst are 
overlapped together) on the 9th day post feeding.
(g)-Single labeled sperm from the seminal vesicle 
on the 11th day post feeding.

Table II: The relation (in days) between relative germ cell stages of sperm
samples at the time of treatment and sperm samples with labels after 
^H-methyl-thymidine feeding for CB adult male flies
Bays for samples 
after feeding
Original germ cell stage 
at the time of feeding
Days after 3H-TdR 
feeding3-
Relative broods 
used in exp. 5°
0 sperm (vesicle) 11
1 sperm (vesicle) 10
2 sperm (testis) 9 --- v -------
brood 13 spermatids 8
4 spermatids 7 (2-5 days)
5 spermatids 6 ---- *----- f—
6 spermatids 5 brood 2 ;
7 early spermatids (and meiosis) 4 (5-7 days)j ___ ______ ! -
8-9 spermatocytes 3-2 *ii
broAd 3 
(7-11 days)




12 spermatogonia and stem 
cells
-1 brood 4-6 J ( >  11 days)
.     n . -    ... — , .
The days after II-methyl-thymidine feeding on which the most advanced stage 
, indicated is labeled.
%-DEN ( ^H-diethylnitrosamine) feeding treatment (refer to text).
Os
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The different labeled germ cells are shown in Fig. 1 
(a-e). DNA incorporation was observed in one 8-cell cyst 
(spermatogonia) and two 16-cell cysts (early spermatocytes) 
from two different flies as early as two hours after 
labeled thymidine feeding; no labeled 16-cell cyst has 
been reported from testes section (see review from 
Lindsley and Tokuyasu, 1980).
EMS Effects on Drosophila Germ Cells
In chemical mutagenesis studies, "exposure" is the 
term reserved for the non-dosage measures such as feeding 
solution concentration, injection concentration, etc.
"Dose" has been defined as the amount of the chemical 
that reacts with a selected target molecule (STM) such as 
germ cell DNA to produce a selected reaction product (SRP), 
such as alkylated DNA. Using tritium-labeled EMS, Aaron 
and Lee (1978) founde that EMS alkylations per nucleotide 
are correlated with the sex-linked recessive lethal muta­
tion frequency in a lineal relationship. Therefore, it 
was suggested that this SRP is an effective measure of 
EMS dose. In addition, they found a nonlinear relation 
between exposure concentration used per feeding and dose 
(ethylation per nucleotide). When exposure was increased 
by a factor of 250 (from 0.1 to 25 mM EMS in the feeding 
solution), dose was increased by a factor of only 68.
In the first experiment of this research, tritium 
labeled EMS waB used to treat adult males. Ethylated
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sperm heads were chosen as the SRP, and the amount of 
ethylation of the target molecules (DNA, RNA and protein) 
was measured by the numbers of silver grains in autoradio­
graphs, The silver grains scored in sequential samples 
within a certain period after ^H-EMS feeding represent
the retained ethylations on target molecules of germ cells 
•3from H-EMS initial ethylations. Therefore, the data 
provide further evidence of the relation between exposure- 
feeding concentration of EMS and dose, expressed as grains 
per sperm head,
For light microscopy, the limit of resolution is 
about 0,5 um for autoradiography (Bisconte, 1979). How­
ever, dark phase contrast optics may not provide this high 
a resolution in the autoradiographic pictures taken for 
this research. There should be less than 10 grains over­
laid on a single sperm head, which is less than 15 um in 
length, in order to count the number of silver grains. 
Therefore, the number of grains per sperm head were con­
trolled, by adjusting either the exposure time of the 
NTB-2 emulsion film or the concentration of isotope admi­
nistered, so that the probability of coincidence (two or 
more disintegrations resulting in a single observable 
silver grain) is relatively small.
In experiment 1, two different concentration 0,5 and 
25 mM H-EMS were used for feedings of adult CB males.
The lower concentration used in feeding had a 50 times
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higher specific activity (3230 mCi/mMole) than the higher 
concentration (62 mCi/mMole). Therefore, both feedings 
contained the same total radioactivity (1*61 mCi in total 
1 ml 1% sucrose feeding solution). After the same feeding 
time, the samples collected from both feeding groups 
should have given the same retained labeled ethylation on 
sperm heads if there was a linear relation between feeding 
concentration and dose.
The results (Table III and Fig. 2,.3, 4) shown that 
each sample has a random Possion distributions of silver 
grains which represent labeled-EMS retained ethylations on 
sperm heads as expected in a population of cells with ra- 
dioistope labels (Perry, 1962), The grain distribution on 
sperm heads from each sample as determined using the SAS 
program is shown in Appendix 1. The 0.5 mM ^H-EMS feeding
3gave H-EMS feeding. The average grain counts among the 
samples from the first 10 day period of the experiment are 
significantly different (P<J0.01) between two feedings 
(Table IV). Therefore, the data is not consistent with 
the assumption of a linear relation between feeding con­
centration and dose.
Aaron and Lee (1977) had indicated that the consump­
tion behavior of the flies was markedly affected by the 
concentration of EMS. In their data, the amount imbibed 
per fly in 18 hours and 23 hours at the 25 mM EMS concen­
tration was one-tenth the amount imbibed at the 2.5 mM
Table III: Average grain counts on sperm head samples from ^H-EMS feeding
















0.3 0.5 1.32+1.21 22/2 0.78 6.0 25.0 2.13+1.21 60/3 0.09
0.7 0.5 2.27+1.21 11/1 --- 6.5 1.0 3.15+2.65 180/5 0.58
0.7 25.0 0.95+1.0 20/2 0.11 7.5 1.0 2.34+2.07 141/4 0.05
1.0 0.5 2.40+1.34 60/2 0.85 8.0 0.5 3.0 +1.49 62/3 0.02*
1.0 25.0 1.48+0.95 56/2 0.06 8.0 25.0 1.53+1.21 80/3 0.26
1.5 1.0 2.75+1.54 108/4 0.08 8.5 1.0 2.10+1.94 105/3 0.97
1.5 1.0 *2.60+1.68 141/5 <0.01* 9.5 1.0 1.96+2.09 183/5 0.65
2.5 1.0 2.74+1.87 114/4 0.50 10.0 0.5 2.72+1.44 90/3 0.82
3.0 0.5 2.10+1.23 29/2 0.45 10.0 0.5 *2.72+1.48 99/5 0.98
3.0 25.0 *1.95+1.08 37/4 0.02* 10.0 25.0 1.62+1.27 26/2 0.96
3.0 25.0 1.45+1.15 67/5 <0.01* 12.0 0.5 1.83+1.61 60/3 0.81
3.5 1.0 3.19+1.99 142/4 0.93 12.0 25.0 1.44+1.29 81/4 0.80
4.0 0.5 2.91+1.74 65/3 0.17 14.0 0.5 1.72+1.48 75/3 0.29
4.0 0.5 *2.65+1.72 82/4 0.01* 14.0 25.0 1.17+1.06 30/1 ---
4.0 25.0 1.74+1.34 62/4 0.59
4.5 1.0 3.20+2.30 130/4 0.75 Total 0.5 534/25 0.14
6.0 0.5 3.0 +1.19 60/3 0.07 25.0 452/25 0.10
6.0 25.0 *2.0 -r1.22 70/4 0.02* 1.0 1103/33 0.67
O
Table III: (Continued)
3,15 Total radioactivity 1.61 raCi used in experiment 1 per feeding; 5.18 mCi used in experiment 2 per feeding (refer to text ).
cd All data are calculated by SAS program (Appendix I); % "  indicated the
samples (among flies) have significant differences (level = 0.05).
c Number of sperm head/number of fly for each sample, is given in parentheses. 
Average grains per sperm head with ' V  on the left will not used in further 
analysis in this research.
Fig,2: Grain distributions on sperm head samples from 0.5 and 25 mM
^H-EMS (specific activity = 3230 and 62 mCi/mMole, total 
radioactivity = 1.61 mCi) feeding in experiment 1 (refer to
data in Table III). Solid line (------) for 0.5 mM ^H-EMS
feeding, broken line (— --- ) and shadow area for 25 mM ^H-EMS
feeding.
** û  is the average grain counts per sperm head from 0.5 mM
3H-EMS feeding; Ug is the average grain counts per sperm 
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Relative original germ cell stages of sperm samples —
— 4K- spermatids---------- spermatocytesk-spermatogonia and
stem cells----- ■*





«--  Days after 3H-EMS feeding
Pig. 3: Average grain counts per sperm head after three different concentrations
of 3h-EMS feedings within a 14-day period. Total radioactivity: 1.61 mCi 
for 0.5 and 25 mM 3H-EMS; 5.18 mCi for 1.0 mM 3H-EMS.
CTv-i*.
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Fig. 4: Silver grains overlaid on "H-EMS treated sperm
or haploid sperm DNA of CB males, 2000X.
(a)-*(d)-Sperm samples originating from 6.5 days 
after 1,0 mM %-EMS feeding in CB males (total 
radioactivity, 5.18 mCi used per feeding), in 
experiment 3. Transmitted light brightfield was 
used for the pictures on the left, darlcfield UV 
fluorescence was used for the pictures on the 
right. Needle-shaped sperm heads are shown by 
the bright color in the pictures on the right.
* Note
In some samples, the grains overlaid on sperm 
head with a white colored center and black edges 
are shown in pictures taken using a Leitz 
ortholux II microscope in phase contrast. In 
other samples, with heavy labels and/or with very 
small grains, each individual grain overlaid on 
the sperm head cannot be distinguished within 
the resolution power of the light microscope. 
However, dark black colored silver grains on 
sperm which differ from light gray colored tissue 
(sperm heads, tails, etc.) can be distinguished 
well in pictures.
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Pig. 4: Silver grains overlaid on ^H-EMS treated sperm
or haploid sperm DNA of CB males, 2000X.
(e)-*(g)-Haploid sperm DNA originating from 3.5 
days after 1.0 mM ^H-EKS feeding in CB males 
(total radioactivity, 3.11 mCi used per 
feeding) in experiment 4. Giemsa stain and 
transmitted light hrightfield were used. 
(h)-Haploid sperm DNA originating from 1.5 days 
after 1.0 mM ^H-EMS feeding in CB males (total 
radioactivity, 3.11 mCi used per feeding) in 
experiment 4. Giemsa stain and transmitted 
light hrightfield were used for the left 
picture; fluorescent stain and darkfield UV 
fluorescence were used for the middle picture 
and transmitted light darkfield was used for 
the picture on the right.
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Fig. 4
Table IV: F-test results for average grains on sperm heads among the flies
within the same sampling day and between two different concentra­
tions (0.5 and 25.0 mM) of ’n-EMS feeding; and Duncan's Multiple range test for samples from different days for both concentrations in experiment 1.
Days after Probability from F-test among flies Duncan's Multiple testa
feeding in between forB 0.5 mM 25 mM concentrations 0.5 mM 25 mM
0.3 0.78 (2) —  (0) —
0.7 -  (1) 0.11 (2) 0.003
1.0 0.85 (2) 0.06 (2) 0.001**
3.0 0.45 (2) 0.02*(4) 0.006
4.0 0.17 (3) 0.59 (4) 0.001**
6.0 0.07 (3) 0,09 (3) 0.001**
8.0 0.02*(3) 0.25 (3) 0.001**
10.0 0.82 (3) 0.96 (3) 0.001**
12.0 0.81 (3) 0.80 (4) 0.12
14.0 0.29 (3) -  (1) 0.06








Data from appendix I. Any two means with one or more of the same letters are 
not significant different (o<^0.05). Letters (A— E) are in the order of decreasing average grains per sperm head. For the same letter, a lower num­
bered subscript correlates with a higher mean grain count. " *" indicates the highest value (mean grain count) within the experiment.
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concentration, thus providing a reasonable explanation 
for the experimental results demonstrating different 
average grain counts per sperm head for different concen­
trations.
Within the same labeled EMS feeding concentration, 
there are not significant differences in average grain 
counts per sperm head among flies used in this experiment. 
However, the average grain counts were different among 
samples collected from different days after feeding from 
either 0,5 or 25 mM labeled EMS treatment according to 
Duncan's multiple range test which gives different letters 
if significant differences exist between samples from the 
different days after feeding (Table IV), Sperm heads 
showed the highest average grain counts on the 4-th and 6th 
days after both ^H-EMS feedings; these cells were sperma­
tids at the time of treatment based on timing of sperma­
togenesis (Table II), The sperm heads which were sperma­
togonia at the time of treatment sampled on the 12th to 
14th days showed the lowest average grain counts. The 
germ cell stage response is consistent with the mutation 
response reported by Fahmy and Fahmy (1959), in which EMS 
is most active in the later stages of spermatogenesis 
(sperm and late spermatids). The genetic response to 
ethylation measured as sex-linked recessive lethals and 
sex-linked recessive visibles has been shown to decrease 
in eariler stages of germ cell differentiation —  sperma­
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togonia and spermatocytes. Therefore, the results from 
this experiment provide further evidence that EMS ethyla- 
tion is related to the induction of sex-linked recessive 
lethals or visibles in Drosophila.
Sega et al. (1972) have reported that the 1^C-ethyl 
groups per sperm cell DNA from the 2nd mating (from the 
4th to 6th day after treatment) were always higher than 
those from the 1st mating (less than 4 days after treat­
ment) . Similar reslut was obtained in this experiment 
and is shown in Table III and Fig. 3. The sperm heads 
collected on the 1st and 3rd days after both feedings had 
lower average grain counts than those on the 4th day after
3the H-EMS feedings.
3In experiment 2, 1.0 mM "H-EMS, with a specific acti­
vity of 4730 raCi/mMole, was used in the feeding. The 
results in the level of silver grains per sperm head from 
the various spermatogenic stages are very similar to those 
from the previous experiment (Table III and Fig. 3 and 5). 
The retained ethylations or silver grains per sperm head 
is higher in those samples from spermatids than from sperm 
at the time of feeding. Smaller numbers of silver grains 
per sperm head originated from spermatogonia. Through the 
6th day, after initial ^H-EMS treatment, average grain 
counts per sperm head from this experiment were higher 
than those from the previous experiment, the 0.5 or 25 mM
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Fig. 5: Grain distributions on sperm head samples from 1.0 mM ^H-EMS
feeding in experiment 2 (refer to data in Table III).
* u is the average grain counts per sperm head.
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three times high based on relative specific activities.
Two concentrations, 0.14 and 28 mM ^H-EMS, with the 
same total radioactivities (0.6 mCi) were employed in 
experiment 3. The mature Bperm samples were collected at 
different time intervals, over a 2 day period, from CB 
male vesicles or female receptacles which contained mature 
CB sperm transferred prior to the EMS feeding. Most sperm 
heads in vesicles sampled after 2, 4, 8 and 16 hours of 
the feedings had many grains, some of which were over­
lapped and could hardly by distinguished within the reso­
lution power of the microscope (Table V and Fig. 6-9). 
There were a few grains on the sperm tails while using the 
same measuring unit (15 um, the maximum estimated length 
of sperm head).
For a two hour feeding of two concentrations of 
EMS followed by aging the male or female from 1 to 50 
hours, the time of aging follow removed from EMS to fixa­
tion of the tissue is shown in Table V and Fig. 6. In 
this experiment, H-EMS reached the target molecules —  
sperm cells —  through different membranes or tissues 
outside the receptacles and vesicles. The walls of the 
testes and vesicles consist of two very thin layers con­
taining widely spaced nuclei and having a combined thick­
ness of 1.5 - 2 um. The wall of the receptacle consists 
of cuboidal and columnar epithilium, 3.5 um thick in the 
distal portion, and approximately 1 - 3 um thick in the
Table V: Average grains per sperm head from vesicles or receptacles after
0.14 or 28 mM H3-EMS feedings in experiment 3a
Total Dissection 
feeding time after 
hours feeding
0.14 mM H^-EMS per feeding0 
average grains per snerm head from
28 mM H^-EMS per feeding0 
average grains per 
snerm head from









* (>12/3) 0.06+0.25( 16/2)
* (>11/3) 0.67+0.26(>29/4)
* (>10/3) 3.67+0.89 0  12/1)






50-51(k ) 0.3 +0.5 (>41/3)0.44+0.51(>17/3) 0.2 +0.41(>16/4)0.4 +0.7 ( 10/3)
4 2 (c) —  — 5.33+2.89( >3/1) —  0.25+0.58( 16/3)
8-9 (E) 1.5 +0.58( >4/1)8.0 +1.0 (>20/3) 0.4 +0.62( 30/3)
18-19 (H) 0.58+0.51( 12/3)5.42+3.12( 12/3) 6.63+3.16( 24/3)
49-51 (L) 1.3 +1.0 ( 16/2)0.24+0.44( 25/3) 0.23+0.44( 17/2)7.09+0.3 (>11/3) 6.25+2.7 ( 20/1) "
(>52/7) (>57/9) (>36/6) (>65/9)
8 2 (?) 0 
13-14 (I) 1
.86+1,07( >6/2)5.83+4.58( >5/3) 0.71+1.11 (>7/2)5.2 +1.93(>!0/3)
.11+0.97( 27/3) * ( */5) —  0.75+0.96(7 4/1)( 20/2)
Table V: (Continued)
Dissection13 ° * ̂  mM ^H-EMS per feeding0 ' 28 mtl •3H-!EMS per feeding’®"
Total -time after grains per sperm beads from grains per sperm head from
hours*^ feedinS receptacles (1) vesicles (2) receptacles(l) vesicles (2)
8 41-42(M) 0.67+0.58(72/1) * ( 50/2) —  0.71+0.76(77/5)0.45+0.51( 22/2)
_____________________ (7397b) ~  (757/11)_______ ’T > i m _______ 7*5/9)
16 5-4 (J) 0.82+0.64( 17/5) * ( */2) * ( */5) * ( 50/3)£ (11/2)0.4+0.55(75/1) 2.0+2.65(75/1)
30-31(11) 0.8 +0.62( 16/3 ) 0.64+0.81( 11/3 ) 0.29+0.46( 24/3) * ( 5’
” ( 44/8) " ' (7 I676; “ (^27/7)'
24 20-21(0) 1.65+1.39( 20/3) 1.0 +0.76(78/3) 1.0 +1.35(712/4) * ( */2)
” 0.44+0.73(79/1)
( 20/3) *(^575) (>12'/4) T t 97TT
a Total radioactivity 0.6 mCi used per feeding for either 0.14 or 28 mM %-EMS 
concentration.
13 Subclass (letter A— 0) in each feeding group (2, 4, 8, 16. or 24 hours) is given in parentheses (refer to materials and methods for experiment 3).
c Number of sperm/number of fly for each sample is given in parentheses.
%" indicates "grain count not precise" due to dense laelling (more than 12 











receptacle sperm in 0.14 mM cone,
 x  receptacle sperm in 28 mM conc.
 a  vesicle sperm in 0.14 mM conc.
vesicle sperm in 28 mM conc.
B? D1 D2
J — b TZ
Stop feeding 4---  Hours after feeding --Pig. 6: Average grains per sperm head vs. hours after feeding.
For 3h-EMS 2-hour feedings, vesicle samples have subscripts 2 and 4 
for 0.14 and 28 mM 5H-EMS, respectively; receptacle samples have 
subscripts 1 and 3 for 0.14 and 28 mM 3h-EMS, respectively.
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Fig. 7: Silver grains overlaid on sperm heads from
seminal vesicles after 2-hours H-EMS feeding 
(concentration is 0.14 mM in experiment 3)* 
2000X.
(a)-A2 sample at 1-hour post feeding.
(h)-B2 sample at 7.5-hours post feeding.
( c ) - D 2 sample at 12-hours post feeding.
(d)-G2 sample at 20-hours post feeding.
(e)-G2 sample at 20-hours post feeding. Transmitted
light hrightfield was used for the left picture;
fluorescent stain and darkfield UV fluorescent 
were used for the right picture. Needle-shaped 
sperm heads are shown "by the bright color in the 
right picture.
(f)-K2 sample from 50-hours post feeding. Bright 
field transmitted light was used for the left 




Fig. 8: Silver grains overlaid on sperm head from
seminal vesicles after 2-hours ■'H-EMS feeding 
(concentration is 28,0 mM in experiment 3), 
2000X.
(a)-A^ sample at 2-hours post feeding.
(b)-B^ sample at 7-hours post feeding.
(c)-D^ sample at 12.3-hours post feeding.
(d)-G^ sample at 23-hours post feeding.
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Pig. 9: Silver grains overlaid on sperm head from
%seminal vesicles or receptacles after ^H-EMS
feeding (0.6 mCi total radioactivity per feeding
was -used in experiment 3), 2000X.
(a)-D.j, 12.5-hour receptacle sample after 2-hour 
0.14mM ^H-EMS feeding.
(h)-G^, 22-hour receptacle sample after 2-hour
28.0 mM 5H-EMS feeding.
(c)-l2i 16-hour vesicle sample after 8-hour 
0.14 mil %-EMS feeding.
(d)-N^, 8-hour vesicle sample after 16-hour
28.0 mM 3H-EKS feeding.
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Fig. 8:
proximal portion. The seminal receptacle is a long, 
often coiled tube which is covered by a delicate, sparsely 
nucleated peritoneal envolope, 0.3 urn thick (Miller, 1950). 
The vesicle sperm heads all reached more than 12 (or 
maximum saturation level) grains between 1 and 2 hours 
for both concentrations, while the sperm heads stored in 
female receptacles reached maximum grain count 14- hours 
after the 0.14 mM ^H-EMS feedings. (There were also some 
sperm heads collected during the 3rd hours from one indi­
vidual female with a high grain count). For the 28 mM EMS 
feeding, the receptacle sperm heads reached maximum grain 
counts between 14 and 24 hours. These results confirm 
that the rate of chemical transport across numerous cell 
membranes varies among the different tissues (Lee, 1976).
Osterman-Golkar et al., (1970) listed the nucleophilic 
constants (n) from available sources. The cysteine (or 
cystein ester SH) has a high value 5.1* whereas the 
HgPO^ in nucleic acids has a value of only 2.8. In this 
experiment, the samples from the early 24 hour period 
after feeding showed that there were many labels on the 
sperm heads. It is possible that the cystein ester SH, 
the most nucleophilic center on the protein molecules 
(either cytoplasmic membrane or chromosomal proteins), 
attracted more ethyl-groups than the other nucleophilic 
centers in nucleic acids after labeled EMS treatment.
In Table V , one or no grains per sperm head were
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recorded for most samples collected beyond 48 hours after 
intiation of ^H-EMS feeding which ranged from 2 to 24 
hours. Since in every individual sample there were always 
many grains for each sperm head between 14 and 24 hours, 
this represents a significant drop in grain counts on 
sperm head samples between 24 and 52 hours.
It has been noticed that sperm tails, which consist
mainly of protein, had very few grains before 24 hours and
an increasing number of grains between termination of
treatment and 24 hours of >H-EMS feedings, which suggests
that ethylation of H-EMS does not decrease in sperm tail
protein molecules. No synthesis of protein molecules in
mature sperm cells has been reported. Whether there is
removal of ethyl-groups from cysteine or other amino acid
components of the protein on sperm head remains unanswered
due to the lack of published data in support. But, the 
3removal of ^H-ethyl groups from the components of nucleic 
acids (mainly DNA) such as: bases, phosphate acids or 
sugars in reduced grain counts in sperm heads has been 
shown; this loss is probably due to spontaneous hydroly­
sis, since there are no active repair enzymes in mature 
sperm cells.
In adult Drosophila testes, EMS ethylated nucleophi­
lic base positions of DNA in the following order have been 
established: 7-ethyl-guanine (66.2%)3^3-ethyl-adenine 
(4.2#)^06-ethyl guanine «3.5%). 22% of the total EMS
ethylations in DNA are in the form of ethylated DNA phos­
phates (Sabourin, 1981); while the intermediate ethyl 
phosphotriesters, through the reaction of nucleic acid 
phosphodiester and EMS or ethyl nitroso compounds, are 
very stable and remain intact in neutral pH (Bannon 
and Verly, 1972; Sun and Singer, 1975; Singer and Praenkel- 
Conrat, 1975; Singer, 1981), and therefore, should not he 
expected to contribute significantly to a reduction in 
the alkylation of ethylated DNA. On the other hand, the 
7-ethyl guanine which is a large portion of EMS ethylated 
DNA in germ cells should be considered, whether or not it 
remains on the DNA at certain periods after the treatment. 
Strauss et al. (1975) reported that the overall rate
constant for depurination of 3-methyl-adenine and 7-methyl-
-1guanine was 1.84 x 10 ^min . Since the ethyl DNA products
are slightly more stable than the methylated products, the
hydrolysis rates for 7-ethyl-guanine, 3-ethyl-adenine, and
the overall depurination rate of these major EMS reaction
products from DNA should be slightly slower than those for
the methylated products (Strauss and Hill, 1970). The
range of grain reduction rates for the third experiment,
are listed in Table VI,with the results showing that over-
— '‘5all grain reduction rates is 1,63 x 10 ■'min which is 
an order of one magnitude higher than the overall rate, 
which should be less than 1.84 x 10”^min"1, for depuri­
nation of 7-ethyl-guanine and 3-ethyl-adenine according to
Table VI: Calculated rates for grain reduction per sperm bead within a two
day period after H*- feeding in experiment 3
COnc. Samplea Subclasses3 
(mM) code (x) and (y)
Time between Grains ratios between 
subclasses subclasses (x) and (yp 
(mins) N/NoD In N/N0
K.= - (In 
(min~
0.14 (1) D —  K 2280 12/0.3 =40 3.69 1.62 X 10-5
















0.14 (1) I —  M 1710 1.11/0.67=1.66 0.51 2.98 X 10-4










0.14 (2) D —  K 2280 12/0.44=27.3 3.31 1.45 X 10-5
0.14 (2) G —  K 1740 3.34/0.44=7.59 2.03 1.17 X 10“5
0.14 (2) E —  1 2460 8/0.24=33.3 3.51 1.43 X 10-5
0.14 (2) H —  L 1830 5.42/0.24=22.6 3.12 1.70 X 10-5










Time between Grains ratios between 
Cone. Sample Subclassesa subclasses subclasses (x) and (y) K = - (In N/N )/time 
(mM) code (x) and (y) (mins) N/Nd In N/K0 (min_1)






28.0 (3) D — E 1680 3.67/0.2 =18.35 2.91 1.73 X 10-5












28.0 (4) D — K 1680 12/0.4 =30 3.40 2.02 X 10“3
28.0 (4) G — K 1710 12/0.4 =30 3.40 1.99 X 10-3
28.0 (4) E — L 2490 0.4/7.09=0.06 -2.88 (1.16 X 10+3)
28.0 (4) H — L 1950 6.63/7.09=0.94 -0.07 (3.44 X 10+5)








28.0 (4) J — N 1830 12/12 =1 0 (0 )
a (1) and (3)i samples from receptacles; (2) and (4): samples from vesicles. Refer to the table III.
^ N and N are the average grains per sperm head (listed on table III) for 
the samples from the subclasses (x) and (y), respectively.(Maximump>12 ).
0 Kc values in parentheses will not be used in following calculations.
Table VI: (Continued)
Calculations
0.14 mM H5-EMS feeding
(1) in receptacle samples
K (mean) = K_(1) = 1.48 x 10“3min“1
G -z _1S.D, = 0.69 x 10-:>min , n = 5 _■*
S.E. = S.D./ n = S.D./ 5 =0.3089 x 10 min’
(2) in vesicle samples
Kq(2) = 1.57 x 10*"3min“1
S.D. = 0,274 x 10“|min“J , n = 6S.E. o.11 x 10 min“
For 28.o mM H3-EMS feeding
(3) in receptacle samples
K (3) = 1.73 x 10~3min"1
_ iS.D. = 0.60 x 10_~min*, n = 4S.E. = 0.30 x 10" min"
(4) in vesicle samples
Kc(4) = 1.89 x 10~3min"1
S.D. = 0.20 x lO^min-1,, n = 3 
S.E. = 0.115 x 10“5min“
t-tests
Hq: u0= 1.84 x 10_4min“^=u
Ha: u0^1.84 x 10“4min-1 
with =0.05
tK (X)=(KC(X) ~ 1*84 x 10 )min“1/ 




V ( 3 ) =5*20
V
3,0.05=5*18
(4)=^4* ^ ^ ’c 2,0.05=4*05
Since all ‘tKc(x)> t(df) >0.05,
reject the null hypothesis and 
assume there are significant 
differences between the observed 
rates of reduction of the grains 
on sperm head and the rate of hy­
drolytic removal of alkylpurine 
from DNA, P<0.05.
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the results from Strauss and Hill (1970) and Strauss
(1975). The rate constant for hydrolytic depurination
- 1 1 -1of non-alkylated native DNA is 3 x 10 sec or 1.8 x 
10"^min”  ̂ (Lindahl and Nuberg, 1972), whereas the rate 
constants for hydrolysis of N-7 methylated and N-7 
ethylated deoxy-guanylic acid in aqueous solutions are 
7 x 10”^min“  ̂ and 6 x 10”^min“1, respectively (Brookes 
and Lawley, 1963).
In this experiment, the grain reduction rates from 
vesicles or receptacles are all significantly higher than 
from the spontaneous hydrolytic loss of ethyl groups from 
DNA (Table VI), this suggests that there is removal 
of ethylation of protein molecules and/or nucleic acids 
for protection of mature sperm following some unknown 
mechanisms.
Prom 0.14 and 28 mM ^H-EMS feedings, the average 
grain counts from vesicle and receptacle sperm heads vs. 
time are shown in Table V. These results indicate that 
most grains overlaid on sperm head can be reached within 
a very short period after feeding (only two exceptions —  
13-hour vesicle sample (E4) and 22.5-hour receptacle 
samples (H1) from 8-hour feedings with low grain counts 
were found). In mice, Sega (1976) had found that 80?6 of 
the peak alkylations (24 hours) have already been comple­
ted 4 hours after injection ^H-EMS. Within 24 hours, the 
longer the feeding time, the more grains remained on the
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sperm head in this experiment. Since EMS has a half life 
of just over 48 hours in aqueous solution at 25°C (Oster- 
man-Golkar et al., 1970), flies placed on a specific 
initial concentration are still being exposed to approxi­
mately only 70% of that concentration 24 hours later. The 
maximum feeding time used in this experiment was 24 hours, 
therefore, the decrease of grain counts on sperm head 
after 24 hours should be related to the termination of EMS 
feeding and/or the removal of ethylated products or ethyla­
ted groups from sperm heads.
Within a 52-hour period from the beginning of feeding, 
the time-response curves (grains per sperm head vs. time) 
from both concentrations (0,14 and 28 mM) and sexes follow 
the same model as the time-concentration curve proposed by 
Lee '(1976), For the chemical mutagen, since the concen­
tration varies with time, the dose is the amount of the 
chemical that reacts in the germ line with a selected 
target molecule (STM), Lee (1976) proposed that the dose 
is ideally the integral over time of the genetically 
significant concentration. By selecting target molecules 
that react with the chemical mutagen to produce stable 
products which can be measured, a measure of dose can be 
obtained. However, in this experiment, the selected 
reaction products (SRP, ethylated DNA expressed as silver 
grains in autoradiography) chosen to measure the reaction 
of H-EMS with the selected target molecules (sperm heads)
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are not always stable within a specific germ cell stage 
(mature sperm), especially on the 2nd or 3rd day after EMS 
feedings. (This unstable reaction product was also found 
in experiment 1.) The higher grain counts per sperm head 
were recorded on the 1st day.
In experiment 4, 1.0 mM %-EMS with 3.11 mCi total 
radioactivity was employed in 1 or 2-day old CB males. 
Sperm samples were collected 1.5 and 3.5 days after treat­
ment. Trysin, RNAase and pronase were used to digest one 
of two preparations from each individual fly. The results 
are shown in Table VII. Because younger flies were used 
in this experiment, only a few sperm stored in small 
vesicles were sampled on the 1.5 day, which indicated that 
the samples collected on the 3.5 day represent sperm which
originated mostly from the mid- to late-spermatids at the
■35time of HEMS feeding.
Higher average grain counts (5.6 + 2.5) per sperm 
head were shown in the samples from the 3.5 day than from 
the 1.5 day (3.7 + 1.8) after treatment. This is consis­
tent with finding higher mutation frequencies of sex- 
linked recessive lethals and dominant lethals in sperma­
tids than in mature sperm as reported by Vogel and Nata- 
rajjan (1979) and Lee (1978).
With enzyme digestion, average grain counts of 1.95 
and 3.25 per sperm head were recorded 1.5 and 3.5 days 
after treatment, respectively. These were retained grain
TaDle VII: Average grains on sperm "head and haploid sperm DNA after 1.0 mM
3h-EMS feeding3
Days after Ply Average grains % ratio of grain
feeding code per sperm head per haploid D M  in sperm DM/head
0 4.59 + 2.0 ( 52) 0.75 + 1.39( 8) 16.3
1 3.60 + 1.60( 20)
2 3.46 + 1.80( 28)
3 7.31 + 1.99( 16)
4 4.23 + 1.96( 30) 2.25 + 1,12( 20) 53.3
5 3.90 + 1.66( 42) 2.03 1.90( 30) 52.0
7 2.97 + 1.64( 29) 1.58 + 1.18< 24) 53.4
8 2.40 + 1.96( 20) 0.69 + 0.69( 32) 28.8
4,5,7 3.73 + 1.80fl0l) 1.95 + 1.51( 74) 52.2
4,5,7,8 3.51 + 1.89^121) 1.57 + 1.43(106) 46.9
All 3.95 + 2.14?217) 1.51 + 1.44(114) 48.6
1 6.50 + 2.88( 32) 3.37 + 1.50( 30) 52.8
4 6.55 + 2.64( 40)
5 4.63 + 2.97( 30) 2.85 + 2.69( 26) 61.5
6 6.38 + 2.62( 29) 4.50 + 1.91( 30) 70.3
8 4.94 + 2.21( 35) 2.28 + 1.59( 32) 46.2
9 6.0 + 2.71( 40)
1,5,6,8 5.54 + 2.73fl26) 3.25 + 2.09(118) 58.7
All 5.86 + 2.75?206) 3.25 + 2.09(118) 55.5
Table VII:
a Total radioactivity 3.11 mCi used in experiment 4 per feeding.v The total sperm used in each sample is given in parentheses. I,*n indicates 
that mean grains are significantly different among flies.
c No significant differences in percentage ratios among flies were indicated from 
a t-test result.
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counts on sperm haploid DNA after enzyme digestion, about 
52% and 58% of the total average grain counts from undi­
gested sperm head were from 1.5 and 3.5-day samples, 
respectively. Even without enzyme digestion, the average 
grain counts among flies were significant (P<0.0001) in 
the samples either from the 1.5 day or the 3.5 day. 
Therefore, the grain counts per sperm head with or without 
enzyme digestion from individual flies were compared on 
specific days after treatment. The percentages of ethyla- 
tion between haploid DNA and sperm head are actually cal­
culated from individual bases.
The results from this experiment and from other 
reports (Sega, 1976) suggests that increasing ethylation 
in the mid- to late spermatids is not only due to the 
increase in ethylations on DNA, probably also on the pro­
tein portion of the spermatid head in flies and mice.
Sega (1976) proposed that protamine in mice was the most 
possible candidate as a target for ethylation because of 
the nucleophilic sites it contains. The protein ethyla­
tions correlated to the dominant lethals in mice. The 
possible mechanism to lead dominant lethals through a 
weakening of the chromatin structure, perhaps by ethyla- 
ting the sulfhydryl groups of cysteine and blocking 
normal disulfide-bond formation in the condensing sperm 
nucleus, has also been suggested by Sega (1976, 1978).
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*2In experiment 5, 0.62 mM H-DEN, with a total activi­
ty of 1.72 mCi, was used to feed 5-day old CB males and 
gray females for 24 hours. Sperm samples collected came 
from three different sources: group (a) receptacles of 
treated gray females which mated with untreated CB males 
Before the DEN feeding, (h) vesicles of treated CB males,
(c) receptacles of untreated gray and yellow females which 
mated with treated CB males in successive broods. There­
fore, the samples from group (a) represent only the mature 
sperm regardless of the day after treatment in dissection, 
while the sperm collected from groups (b) or (c) represent 
the different germ cells (sperm, spermatid, spermatocyte 
or spermatogonia) at the time of DEN feeding depending 
upon the day or brood sampled.
The average grain counts per sperm head from the 
samples of groups (a), (b) and (c) are listed in Table 
VIII and IX and Pig. 10-11. Mature sperm from group (a) 
had very few grain counts overlaid. The grain counts 
range between 0.65 and 1,60, There are no significant 
differences (P = 0.14) between samples within the 9-day 
period. On the other hand, the vesicle samples —  group
(b), collected before the 2nd day (or the 1st mating), and 
receptacle samples of group (c), collected on the 5th day 
of 1st brood, also had very low average grain counts 
(0.2 - 0.75) per sperm head. This suggested that ethyl 
groups from this indirect alkylating DEN somehow did
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Table VIII: Average grain counts per sampling sperm head
from treated Q female receptacles within a 9 day period after 0.62 mM H*-DEN feeding3-
b cDays after Average grains Grouping.in Duncan's
feeding Per sperm head multiple range test
1.0 0.64 + 0,76( 42/3 ) C
1.3 1.23 + 0.81 ( 27/1 ) AB
1.5 0.93 + 0.03( 40/3 ) BC
1.8 1.59 + 1.14( 22/1 ) *A
2.0 1.11 + 0.8 ( 38/2 ) BC
2.5 1.09 00•o 57/2 ) BC
3.0 0.76 + 0.87( 29/2 ) BC
4.0 1.12 + 0.99( 35/3 ) ABC
5.0 0.67 + 0,88( 27/2 ) C
6.0 0.89 + to00*o 18/1 ) BC
7.0 1.03 + 0.93( 32/1 ) BC
8.0 1.0 + 0.89( 31/1 ) BC
9.0 0.94 + 0.95( 32/1 ) BC
total (832/23
a Total radioactivity 1.72 mCi used per feeding.in this experiment 5 (a).he All data are calculated by SAS program (Appendix I);
In Duncan grouping mutiple range test, any average 
grains with one or more of the same letters are not 
significantly different (o£> 0.05) .Letters A, B and C are in the order of decreasing average grains per sperm head, A and C are the highest and lowest 
average grains per sperm head among the samples from 
different days after feeding, respectively.
^ Number of sperm head/number of fly for each sample, is is given in parentheses.
Table IX: Average grain counts per sperm bead (or haploid sperm DNA) from








Sample from CB male vesicles Sample from female receptacles
Average grains'3 % inc Average grains^ ^ i
per sperm head per haploid DNA DNA/head per sperm head
0.13 + 0.35 
( 13576 )
0.12 + 0.35  
( 9176 )
0.17 + 0.41 
( 13576 )
0.19 + 0.45 ( 15676 )
0.15 + 0.37 ( 18076 )
% fertility n 
broodinge
brood 1 0.73 + 1.83 75.0(2-5 days) (376/?2,23) ( 48/64 )5.0 3.76 + 2.66 1.45 + 1.70 38.6
( 9477 ) ( 3372 )
brood 2 3.42 + 2.78 26.0
(5-7 days) (128/72,21) ( 14/54 )7.0 2.20 + 2.76 0.93 + 1.02 42.2
( 8875 ) ( 8173 )
brood 3 1.60 + 1.90 20.0(7-11 days) ( 10/T-2, 1) ( 9/46 )11.0 1.93 + 2.15 0.63 + 0.82 32.6




Days after Sample from CB male vesicles Sample from female receptacles
Average grains13 % inc Average grains^ % fertility in
feeding per sperm head per haploid DNA DNA/head per sperm head  broodinge
brood 4 




brood 5 (14-18 days) 18.0 0.26 + 0.46 
( 82/5 )





(18-28 days) 28.0 0.41 + 1.39 ( 8174 )
0.0 
( 0/22 )
Total (1194/60) ( 162/10) (553/70,48)
a Total radioactivity 1.72 mCi used per feeding in experiment 5.
13 Number of sperm/number of fly per sample is given in parentheses.
c Percentage of label remaining on haploid sperm DNA after enzymatic removal of the protein and RNA from the sperm head.
j Number of sperm/number of male and number of female fly (used in 
mating) for each sample is given in parentheses.


















«■---  Relative original germ cell stages of sperm samples --—









4----  Days after H-DER feeding --- *■
Pig. 10: Average grain counts per sperm head (or sperm DNA)
after 24 hours feeding of 0.62 mM 3h-DEN (total radioactivity is 1.72 mCi) within a 28 day period, "a vesicles samples, " a ": receptacle samples, 
and " x ": vesicle sperm DNA samples.
-j
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Pig. 11: Silver grains overlaid on ^H-DEN treated sperm 
or haploid sperm D1TA of CB males in experiment 
5, 2000X.
(a)-Sperm samples originating from gray female
receptacle on the 5th day after ^H-DEN feeding; 
in bright field (left) and darkfield UV fluores­
cence (right).
(h)-and (c) Sperm samples originating from CB vesi­
cles on the 5th day after ^H-DEN feeding; in 
bright field (left)' and darkfield UV fluores­
cence (right).
(d), (e) and (f)-Haploid sperm BUA samples origina­
ting from CB vesicles on the 5th day after ^H- 





not actively react with mature sperm as well as a possi­
ble correlation to the relative high rate of fertility 
(15%) for the 1st brood in this experiment.
DEN requires activation by the microsomal enzyme 
systems present in the orgainsms. A crude microsomal 
fraction from adult Drosophila Oregon R was isolated and 
used in the Salmonella mutagenicity test system (Nix et 
al,, 1980). The microsomal fraction comprises mainly 
broken parts of the endoplasmic reticulum which can be 
isolated in vitro by centrifuging at 100,000 - 200,000 g 
as the subfraction. Thus, endoplasmic reticulum should 
play a role as the center for chemical metabolism. Vogel 
and Sobel (1976) had reported that the highly differen­
tiated endoplasmic reticulum (ER) in Drosophila always 
related to the germ cell stages enhibiting peak response 
to indirect mutagens according to the results from elec­
tron microscope observations in germ cells by Tates (1971). 
Mature sperm without ER have been found, and cannot
generate active intermediate ethyl groups, expressed
with less average grains per sperm head.
Most average grain counts per sperm head —  3.42 and
3.76 —  appeated on the 7th day from the receptacles 
samples of group (c) and on the 5th day from vesicle sam­
ples after DEN treatment. The former samples from the 2nd 
brood ( 5 - 7  day) with a low rate of fertility (0.26) in 
F.j were about the same cell stages as the later samples
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at the time of DEN feeding (refer to the Table II in the 
cell stages and sampling time after feeding). Both 
represent intermediate and early spermatids at the time 
of DEN feeding. There were no significant differences 
between the two samples (P^0.05). This confirmed that 
there are some differentiated ER in Drosophila spermatids 
and spermatocytes which exhibit the greatest sensitivity 
to DEN (Vogel and Sobel, 1976; Vogel and Leigh, 1975). In 
addition, these results provide evidence that the high 
grain counts on sperm heads originated from the spermatids 
or spermatocytes at the time of DEN feeding correlate to 
the highly developed ER in responsed cell stages.
For comparison, samples from the vesicle before the 
1st mating (or the 2nd day) and the receptacles of the 
1st brood ( 2 - 5  days) were taken, the average grains per 
sperm head from the former (-£.0.2) being lower than those 
from the latter (0.75). Because most samples from the 
vesicle respresent the mature sperm and a small portion 
of late spermatids and the samples from the receptacles 
may include mature sperm, late spermatids, intermediate 
spermatids and /or early spermatids at the time of DEN 
feeding, the findings of lower grain counts in the former 
is reasonable.
High average grain counts 2.20 and 1.60 from the 
vesicle samples on the 7th day and from the receptacle 
samples of the 3rd brood were shown respectively. This
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result is consistent with the results from Vogel and 
Sohel (1976), Vogel and Leigh (1975), and Tates (1971), 
since these vesicle samples came from the spermatocytes 
(postmeiotic stages) and receptacle samples mostly came 
from spermatocytes (at the post-meiotic, meiotic and pre- 
meiotic stages) and a small portion of spermatogonia at 
the time of DEN feeding. The sperm head from the 3rd 
"brood often overlapped with other sperm. Although there 
were many sperm in the female receptacles, only a few 
separate sperm heads were used for counting.
For comparison of the three early broods, lower 
average counts (0,75) per sperm head were found in the 
samples from the 1st brood than from the 2nd and 3rd broods 
(3,42 and 1,60); a relatively higher rate of fertility 
(0,75) was also found in the first brood (0,26 and 0,20 
for the 2nd and 3rd broods) as was expected. This corre­
lates with the results which suggest that young spermatids 
and spermatocytes with high sex-linlced recessive lethal 
and cell killing rates are more sensitive to DEN than are 
sperm (Vogel and Leigh, 1975). The sperm tails with many 
more labels in the latter broods (from 2nd to 6th broods) 
than in the 1st brood were also found. In Table IX, the 
haploid sperm DNA had fewer labels (32.6%) in the sperma­
tocytes than in the spermatids and sperm (38.6 and 42.2%) 
but there is no significant difference in the labels on 
the haploid sperm DNA between these germ cells (P = 0.14),
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Six CB males (code numbers: 18, 32, 35, 41, 53 and 54) 
were dissected after the 3rd brood. The fertile sperm, 
produced progeny only from two of the six flies (32,
and 36), were found in female receptacles of the 3rd brood.
These two flies had normal or big vesicles. Among the
remaining four flies, two (18 and 41) had no sperm in
small vesicles. One fly had some sperm and aborted round 
shaped spermatids in large vesicles, and one fly had no 
sperm in one small vesicle and had aborted spermatids in 
another big vesicle. No sperm in receptacles were found 
in the 4th brood in which 40 treated CB males were used in 
mating, although some sperm samples from treated CB males 
still remained in vesicles after the 3rd and 4th matings. 
This actually related to the 0% fertility rate for the 4th 
brood. The sperm of the 4th brood represent spermatogonia 
at the time of DEN feeding. Tates (1971) had indicated 
that the ER is poorly developed in spermatogonia, there­
fore, DEN might not directly ethylate spermatogonia at 
the time of DEN feeding. But, DEN did block normal sperma­
togenesis, probable at the spermatocytes stages. Vogel and 
Sobel (1976) reported a peak activity period followed by a 
sterile phase due to blocking of spermatogenesis at the 
spermatocyte stages for various indirect mutagens, inclu­
ding DEN. In addition, DEN might cause a decrease in the 
secretions of accessory glands which is important for 
successful sperm transfer in consecutive matings.
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The vesicle samples had 1.93 and 0.39 average grain 
counts after the 3rd and 4th brood, respectively. The 
former (1,93) is not significantly different from the 
average grain counts (1.60) of the receptacle samples after 
the 3rd brood; the latter (0.39) is higher than the average 
grain counts (0.2) of vesicle samples before the 1st brood. 
Since the vesicle samples after the 4th brood originated 
from the early spermatogonia or stem cells, it might be 
concluded that there were more DEN ethylations for very 
early germ cells than for mature sperm and/or late sperma­
tids collected before the 1st brood. This also consistent 
with results from others (Vogel and Sobel, 1976; Shukla 
and Auerbach, 1980). Shukla and Auerbach (1980) even pro­
posed that sex-linked recessive lethals were only about 
half as frequent in spermatozoa as in spermatogonia.
Prom the 5th brood, five of thirty remaining CB males 
produced P^ progeny. The fertility rate increased to 1796. 
The receptacle and vesicle samples on the 18th day both 
had low average grain counts (0.21 and 0.26). The samples 
came from original stem cells at the time of DEN feeding 
(refer to Table II). Another result worth mentioning is 
the loss of the Y-chromosome or the terminal markers of a 
marked Y-chromosome in early germ cells of treated males. 
Gray females were used in brood 5. Prom routine control 
experiments used in the mutagenesis research laboratory of
ODr. W. R. Lee, only one kind of male vB (vermillion color
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Q « i tand Bar-Stone eyes) with genotype B KL*bb KS(1+2) ac y -
, m « t1(1)J1 / y ac In49 v B was produced. However, four of
m  1six fertile vials produced only £ v B (yellow body, and 
vermillion color and kidney-shaped eyes), instead of ex- 
pected v B (vermillion color and Bar-Stone narrow eyes) 
males in brood 5 after BEN feeding. This indicated the 
loss of both terminal markers on the y-chromosome could
result from breakage, followed by loss of the chromosome
T ^tips from the long arm (Y ) and short arm (Y ) of Y-chro-
mosome (Brosseau, 1958; 1961). Therefore, the phenotype 
of yellow vermillion and Bar-m1 F1 males were produced 
from H-DEN treated spermatogonial cells of CB males. The 
breakage of the Y-chromosome in Drosophila was produced by 
EMS in sperm and spermatids (Bishop et al., 1975; Vogel 
and Natarajjan, 1979), but, Vogel et al. (1979) pointed 
out that this did not lead to an increase in the loss of 
X or Y chromosomes or to the rearrangement of Y-chromo- 
somes (ot>0.05) in spermatids and sperm from DEN treat­
ment. Nor this did rule out the increase in chromosome 
breakage in early spermatogonia or stem cells during sper­
matogenesis, a fact which might be very important in con­
sidering the risk estimates of DEN in future.
In the final or sixth brood, the fertility again 
decreased to 096. Six flies were used in dissection, most 
of them having motile (or functional) sperm in their 
vesicles. More spermatocytes were found in the testes of
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treated CB males than those of untreated CB males reared 
in the mutagenesis laboratory of Dr. W. R. Lee on the 28th 
day, with many coiled bundles of spermatids in the testes. 
Some vesicles stored aborted spermatids as well as func­
tional sperm. One possible reason for the low fertility 
is due to the limiting factor in the accessory glands 
which cannot produce enough secretion fluid in aged flies 
(Lefevre and Jonsson, 1962). In addition, edema in the 
abdominal portion was found in some flies. This DEN 
careinogenic and/or toxic effect is a possible factor for 
low fertility in flies. The silver grains in spermatocytes 
and spermatogonia obviously were remained in the testes 
even the 18th day after %-DEN treatment (Pig. 12).
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Pig. 12: Testis from CB males on the 18th day after 
^H-DEN feeding. There are many cysts of 
young germ cells (spermatocytes and 
spermatogonia shown in arrows) in the anterior 
(one-third) of the testis.
(a) Whole mount squash preparation, 400X.
(h) and (c) — Enlargement of (a), 1000X; Pocusing 






Autoradiography is a method which enables one to 
study the distribution of radioactive products, making 
use of their ability to affect photographic emulsions. In 
biology, the data are qualitative, as they show the loca­
lization of the incorporation, but they can be quantita­
tive if they permit a correlation between the number of 
grains revealed and the quantity of radioactive precursor 
remained. Another quantitative approach, as used in this 
dissertation research, allows the study of the kinetics of 
biological events by comparing autoradiographs that have 
had processed in the same way except the treatment with 
the radiolabeled precusor differed in (1) concentration, 
(2) specific activity, (3) duration of the exposure,
(4) the stages of germ cell development exposed, or (5) 
any combination of these four parameters.
The subject of latent image formation is discussed in 
specialized publications (Mott and Gurney, 1950; Mees and 
James, 1970); only the treatment of artifacts in quanti­
tative autoradiography related to this research will be 
discussed here. Exposed emulsion is developed in order 
to increase the size of the latent images or to transform 
them into metallic silver. The latent images change with 
time, mainly by gradually disappearing (Rogers, 1973); 
however, if the exposure is less than two months, this
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fading phenomenon is negligible. The photographic emulsion
is a detector, it is not only sensitive to radioactivity
hut also to light, shocks, and chemical substances.
Artifacts are frequently observed when the emulsion coats
an uneven surface. Thus in the depressions found in a
deparaffined tissue section, for example, grains may
accumulate, reflecting excessive thickness irregularities.
In this research, the squash preparations used have more
even surfaces, in general. Edge artifacts can often be
observed along the borders of sections, (sometimes, of
squash preparations), ventricles, vessels or over cell
aggregates in culture.
The photographic emulsion has its own background of
undesirable grains. The phenomena of artifacts mentioned
above add to the background of grains from the emulsion
and lead to a background which in a properly prepared
3 _autoradiograph with H B particles, should not exceed 3 
2grains/100 urn . It is in fact the value of the induced 
grains/background ratio which must be considered, and it 
is necessary to decrease the background value and to 
increase the detection yield so that this ratio is as 
high as possible. In this research, the grain counts per 
sperm head came from the area near the sperm head with 
very low background (less than 3 grains/100 um ). Over­
lapped grains might be scored as one grain instead of two 
or more grains on sperm heads due to the limitation of
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resolution between grains; therefore, the induced grains/ 
background ratio is lower than the actual value. In this 
research, more than 12 grains overlaid on single sperm head 
of less than 15 urn in length, is hard to distinguish even 
with the help of photographs; therefore, grain counts of 
more than 12 are not used for quantitative comparison.
Most grain counts less than 10 are reliable, especially 
if the photographs are taken from autoradiography prepara­
tions with fluorescent stains and a long exposure time.
Evaluation of ^H-EMS and ^H-DEN Retained 
Ethylations in Autoradiography
In this research, the high grain counts per sperm head 
after H-EMS feeding occurred in 3-hour samples from the 
vesicles and on 14-hour samples from the receptacles (refer 
to the results for experiment 3). These high grain counts 
should be the retained ethylations on the sperm heads at 
the time of sampling. In squash preparations, the samples 
passed through a series of different solutions (Drosophila 
Ringer's, different percentages of alcohol, 1N HC1, Feulgen 
stains, absolute alcohol, 5% TCA, et al.,) and were washed 
with water many times. If the ^H-ethyl groups were not 
bound by covalent bonds, the series of procedures between 
the dissections and coating of the emulsion should remove 
the tritium. However, this did not occur in the samples 
before 24 hours (after feeding) in experiment 3. It is 
very likely that the dissociation of ethyl groups from
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mature sperm occurred between the first and the second 
days after treatment. Some ethylations occur on sperm DNA, 
hut the larger portion of ethylations are probably on 
protein molecules. In EMS ethylated DNA, the large portion 
of ethylations is on purine bases (Sabourin, 1981; Aaron 
and Lee, 1973; Sun and Singer, 1975). The rate of loss 
of ethyl purines from DNA (not the loss of ethyl groups 
from purines) would be expected to approximate the rate 
predicted from the decrease in the grains per sperm head 
observed during the sperm storage in vesicles or recepta­
cles. This means that the maximum grain counts (10-15) 
per head decreased to one or less than one grain per head 
during an expected 4-day period (refer to experiment 3). 
However, the grain reduction in sperm samples between 14 
and 52 hours were higher than the hydrolytic depurination 
rate 1.84 x 10“^min” ,̂
There are several possibilities to be considered for 
the explanation of these high grain reduction rates.
First, ethyl bases should be removed by hydrolytic depuri­
nation from RNA in sperm cells. Current opinion agrees 
that most, if not all, transcription ceases before meiosis 
(Olivieri and Olivieri, 1965; Henning, 1967; Brink, 1968; 
Gould-Somero and Holland, 1974). Therefore, the amount of 
RNA as well as DNA is constant within the mature sperm.
■7The overall rate of removal of H-ethyl bases from nucleic 
acids should be slightly different from the published data
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1.84 x 10“^min“1 from DNA.
Second, if significant amounts of protein components 
such as cysteine with a high nucleophilic constant, on the 
sperm head are ethylated within two days before sampling; 
whether the ethyl groups are removed by some unknown mecha­
nisms from the chromosomal protein (arginine-rich histone 
or protamine), or by other cytoplasmic protein molecules 
on the sperm head remains unsolved. However, the ethyl 
groups on the protamine of the sperm heads may not be too 
significant. Sega (1978) indicated that the protamine in 
mice sperm head contain 10% arginine-rich protein which 
offers potential sites for alkylation, including lysine, 
histidine and cysteine. Although the compositions of the 
chromosomal proteins in embryos have been reported 
( Oliver and Chalkley , 1972; Hill and Eujiko, 1977; 
Alfageme et al., 1980), the compositions of the protamine 
and cytoplasmic protein in mature sperm head of flies 
still are not available.
Third, it should be considered whether enzymatic 
reactions other than spontaneous hydrolytic depurinations 
were involved in the removal of the ethyl bases (which 
caused the high grain reduction rates in experiment 3) 
from sperm DHA and RNA after EMS ethylations. To date, 
no evidence supports enzymes which exist for the removal 
of ethyl-bases in mature sperm of flies, although differ­
ent enzymes in other systems have been found (Hanawatt
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et al., 1979). In this reaserch, some portion of the 
grain reduction from the sperm head, 24 hours after EMS 
feeding, should he considered as the result of spontaneous 
hydrolytic depurination with or without enzymatic reac­
tions. There is a time dependent accumulation of apurinic
•3.sites on ^H-EMS ethylated mature sperm. Some of these 
unstable sites might he further hydrolyzed to single-strand 
DNA breaks (Strauss and Hill, 1970) in the sperm or he re­
tained as apurinic sites if no repair synthesis follows.
In the fly, there is no experimental data concerning the 
unscheduled DNA synthesis (or repair synthesis) in sperm 
and/or spermatids exists. But, in the late 40s, Muller 
showed through the kinetics of rejoining in mature sperm 
that chromosomes do not undergo rejoining, which suggests 
that there are either no repair enzymes, or repair enzymes 
without function in mature sperm. Active repair synthesis 
probably occurs after the sperm enters the egg. Prom 
reports by Janca (1978), the rate of the loss of alkyla- 
tions is approximately 400 times the spontaneous rate in 
the loss of alkylations from the treated mature sperm 
after fertilization. If there is no repair synthesis 
after this rapid loss of alkylation, the whole embryonic 
development might not be resumed. Aaron and Lee (1977) 
reported that the mature sperm, or late spermatids after 
EMS treatment, result in an accumulation of high levels 
of alkylations on the sperm DNA, but produce comparatively
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low frequencies of sex-linked recessive lethal mutations 
in the progeny. Homozygous mei-9 females cannot repair 
spontaneous damage (as measured by the frequency of X- 
chromosome lethals) as effectively as can wild type 
females (G-rafs et al., 1979). In addition, there is a 
relationship between the time treated sperm cells are 
stored in the seminal receptacles and the frequencies of 
translocations, chromosome loss and dominant lethals 
observed in the progeny (Abrahamson et al., 1969). This 
indicate either less error-free repair due to longer delay 
time for the mature sperm in fertilized eggs or more error- 
prone repair before the mature sperm entering the eggs 
might cause higher mutation frequencies in F-j progeny.
The above mentioned evidence all suggests that the ferti­
lized eggs provides a suitable environment either for the 
increasing error-free repair or for the decreasing the 
error-prone repair of EMS alkylations.
Finally, the exposure times used in the third experi­
ment for autoradiography should be taken into considera­
tion when viewing the high grain reduction rates. Counting 
radioactivity emitted from groups of 10-20 tritium-labeled 
nuclei of Amoeba proteus in a windowless gas-flow counter 
(with known efficiency for detection of tritium) and sub­
sequently counting in autoradiographs the silver grains 
produced per unit time by the same nuclei, Ron and Prescott 
(1970) reported that the efficiency of the detection of
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tritium by the NTB-2 emulsion remains constant with time 
except for the first 20-30 minutes after the application 
of the emulsion, the normalized number of grains increase 
in sample proportion to the exposure time. The lower sen­
sitivity of the NTB-2 emulsion during the first 20-30 
minutes after application is probably related to the pre­
sence of water after dipping the slideB. Only those dis­
integrations that result in the emission of a B~ particle 
from the sample are involved in their measurements, (self- 
absorption within the nuclei does not affect the calcula­
tions). The result: 6 grains formed per 100 disintegra­
tions represent absolute sensitivies of the NTB-2 emulsion. 
If less than 16.7 B” particles are emitted from samples 
within two weeks after exposure time, no single silver 
grain will be scored from an autoradiograph with NTB-2 
emulsion, theoretically. Bor haploid sperm DNA of Droso­
phila in autoradiography preparation, the B“ particles of 
^H-ethyl groups after EMS ethylated DNA are emitted from 
an area (10-15 urn x 0.3 urn) in which all the nucleotides 
of a single sperm are located.
In ^H-EMS treated mice, Sega (1978) reported that 
the 35-43% of total ethylation on mature mouse sperm heads 
were on DNA. In this research, the EMS ethylations on DNA 
are about 50% of the total ethylations on sperm head (refer 
to the results for experiment 4). It is possible that the 
52-58% ethylation on DNA per sperm head from this research
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might not represent the overall retained ethylations 
remaining either on sperm or spermatid D M  due to the 
imcomplete removal of protein and R M  from enzymatic 
digestion, because the mercaptoethanol, previously applied 
to breakdown the fly sperm cytoplasmic membrane during 
cell homogenization (Aaron and Lee, 1978), was not used 
before the enzyme digestion.
Different average grain counts per sperm head from 
different sampling days have been reported in the results 
from experiment 1 and 2 of this research. This further 
confirm that retained ethylations, expressed as the grain 
counts in different germ cells, were consistent with the 
mutation frequency response in adult flies reported by 
other investigators (Fahmy and Fahmy, 1959; Lee, 1976; 
Jenkins, 1967). Fahmy and Fahmy (1959) reported a lower 
mutation rate in sex-linked recessive lethals and visi­
bles in spermatocytes and spermatogonia than in older germ 
cells. Lee (1976) showed that the dominant lethal mutation 
frequency was lower in spermatogonia than in older germ 
cells; while Jenkins (1967) found that the mutation rate, 
with regard to sex-linked recessive lethals and visibles, 
at the dumpy locus was lower by one order of magnitude 
in spermatogonia. High mutation rates in mature sperm 
from the first mating and even higher rates in spermatids 
from the second and third matings have been reported. In 
both experiments 1 and 2, the highest average grain counts
118
per sperm head were shown on the 4th and 6th days, and the 
lower average grain counts per sperm head were shown 10 
days after the ^H-EMS feeding. These sperm head samples 
represent the spermatids and spermatogonia at the time of 
EMS feeding according to the timing schedule reported in 
Tahle II.
Por a comparison of germ cell stage sensitivity to 
mutagens between X-rays and EMS in postmeiotic stages in 
Drosophila, the data in this research indicated that the 
average retained ethylations (expressed as grain counts)
3per sperm head after 'H-EMS feeding are consistent to the 
mutation frequency response ( in sex-linked recessive 
lethals) from X-irradiation (Sankaranarayanan and Sobel, 
1976) and EMS (Pahmy and Pahmy, 1959; lee, 1976; and 
Jenkins, 1967). The order of decreasing sensitivity to 
either EMS or X-ray is as follows: early spermatids, 
mature sperm, and late spermatids. The genetic sensitivi­
ty of spermatogonia has been found to be quite low ranking 
last when all spermatogenic stages are considered in X- 
irradiation and EMS treatments,
3Por the H-DEN treatment in experiment 5, male germ 
cells had different average silver grains or ethylations 
per sperm head. Mature sperm treated in either male or 
female had a very small number (less than 1.5 in overall 
samples) of grains per head. This low ethylation level 
on sperm head is consistent with the fertility rate (75%)
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in the first brood of experiment 5 and the low sex-linked 
recessive lethal mutation frequency in previous reports 
from Vogel and Leigh (1975) and Vogel and Sobel (1976). 
Highest mean grain count on the sperm heads were from 
cells that were spermatids at the time of DEN feeding, 
low fertility rates (26%) in brood 2 (sampling the sperm 
from the spermatid stages at the time of DEN feeding) were 
shown in this experiment 5. DEN is most effective in 
inducing recessive lethal mutationB in the germ cells 
which are spermatids during treatment (Vogel and Leigh, 
1975; Vogel and Sobel, 1976). The lowest fertility rate 
(0%) was recorded (in Table IX) in the sperm samples from 
the spermatogonia cell stages at the time of DSN feeding.
Using different concentrations (0.5 and 2.0 mM) of 
DEN in adult CB males, the lower fertility rate was also 
found in the 4th brood (11 days after feeding) by Lee et 
al, (unpublished results). Using 1.0 mM DEN to feed 
Oregon K wild type male adults, Vogel and Leigh (1975) 
reported that the lowest fertility rate was in the 4th 
brood (7-9 days after feeding). In the early experiments, 
Pahmy and Pahmy (1968) injected 15-30 mM DEN into the 
flies (3 ul/fly), and found about 95-60% of the flies 
survived during the 11 day period. In feeding experiments, 
it was found that 2 mM DEN produced a high mortality rate 
in CB adults (especially in younger flies which were less 
than 5-days old). Therefore, flies might tolerate only
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smaller concentrations via DEN feeding than via injection. 
The high mortality rate probably was due to the increasing 
DEN toxic effect from the enzyme conversions in the diges­
tive system of flies.
The distributions for DEN ethylated DNA in the germ 
cells are very different among several nucleophilic sites. 
16.3 vs, 65.1% for 7-ethyl-guanine and ethyl phosphate 
were reported, respectively (Sabourin, 1981). Ethyl 
phosphate is the dominant portion of ethylated DNA in germ 
cells. Many different investigators reported that methyl- 
and ethyl- phosphotriesters in DNA are very stable in vivo 
and in vitro at neutral pH and are not excised by cellular 
repair systems (Shooter and Slade, 1977; Shooter et al., 
1977; Shooter and Venitt, 1979), and therefore, might re­
late to the lowest fertility rate, in spermatogonia cells, 
after DEN feeding. The spermatogonia cells cannot repair 
the ethyl-phosphotriesters before they change to mature 
primary spermatocytes, with active RNA synthesis required 
for spermatid development. Finally, the spermatogonia 
cannot reach the mature sperm stage with DEN feeding con­
centrations higher than 0.5 mM. In contrast, spermatogonia 
are less sensitive to EMS feeding treatments among the 
different germ cells. Considering the distributions for 
EMS ethylated DNA of the germ cells, EMS feeding produced 
66.2 vs. 21.9?o of 7-ethyl-guanine vs. ethyl phosphate, 
respectively (Sabourin, 1981). The ethyl phosphate
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portion is much lower than the 7-ethyl-guanine (21.9 vs. 
66.2%). The mechanism for mutagenesis is likely differ­
ent between EMS and DEN.
Comparison for the Retained Ethylations Expressed 
as Grain Counts in Autoradiographs on Sperm Head 
Samples from Different Germ Cells of CB Flies 
After %-EMS or ^H-DEN Feeding
Table X summarizes the statistical results from the 
previous experiments (1, 2, 4, and 5) by means of Duncan's 
multiple range tests which groups the sample means with 
different letters. The characteristic for these grouping 
tests is that the means with one or more similar letters 
from different samples are not significantly different 
(d£>0.05). The letters represent the mean levels in the 
order of A, B, C, D, E. In addition, extra subscripts 
are displayed in Table X for convenience in comparisons of 
different treatments,
**5permatids
Obviously, the highest average grain counts per sperm 
head (code letter: A) are always shown in germ cell stages 
of mid- to late-spermatids between 4.5 and 7.0 days of 
either ^H-EMS (three different concentrations) or ^H-DEN 
feedings. Therefore, the conclusion can be drawn that the 
mid- to late-spermatids are the most sensitive germ cell 
stages for EMS and DEN.
Table X: Dancan*s multiple range test results in mean grains per sperm head
(or haploid DNA) after H^-EMS or H^-DEN feedings in flies&
Days
after
3H -EMS treatment in exneriment H^-DEN treatment in exneriment8 durinx^ ^ 6
feeding 1 - (O b 1 -(2 )b 2c 4° 5 (b)-1 5. (b)-2 5 (c) feeding*
0.3 E5 Vesicle0.7 G3D2E1 C7
sperm






*  A A1 2 i*A1 k' A*A1
A1
spermatids
6.0-7.0 A3 B , B17.5 C1 (meiosis)8.0 A*A1 B C 2 spermato­
8.5 C2 cytes9.5 C310.0 B2°1 »2C1 (pre-S phase)11.0 B2 B2 B1 spermato­12.0 E3 B6°5
Cm gonia
14.0-28.o e4 C6 C1-C3 B3 stem cells
Data from appendix I. Any two means with one or more of the same letters are 
not significantly different (ol>0.05). Letters (A-E) are in the order of
Table X: (Continued)
decreasing average grains per sperm head (or haploid DNA). Por the same lettert 
a lower numbered subscript correlates with a higher mean grain count. 
indicates the highest value (mean grain count) within the experiment.
b Males fed with 0.5 mM H3-EMS for experiment 1-(1), with 25 mM H3-EMS for 
experiment 1-(2), both have the same total radioactivity (1.61 mCi per feeding). Vesicle sperm heads used for samples. Refer to Table III.
c Males fed with 1.0 mM H3-EMS (total radioactivity 5.18 mCi per feeding) for 
experiment 2. Vesicle sperm heads used for samples. Refer to Table III.
Males fed with 1.0 mM H5-EMS (total radioactivity 3.11 mCi per feeding) for 
experiment 4. Vesicle sperm heads and haploid DNA used for samples. Refer tc Table VII.
e Males fed with 0.62 mM H^-DEN (total radioactivity 1.72 mCi per feeding). 
Vesicle sperm heads used for samples in experiment 5(b)-1; vesicle haploid 
sperm DNA used for samples in experiment 5(b)-2 and receptacle sperm heads {from broodings) used for samples in experiment 5(c), refer to Table IX.
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**Spermatocytes and Sperm
Except for the 1.0 mM feeding, it was noticed that 
the distributions for the high average grain counts (code 
letters: B and C) most often correlated with the sperma­
tocyte germ cell stage for both EMS and DEN. The code
letters B and C also appear in the mature sperm of
3vesicles or testes after H-EMS treatment. In contrast, 
the lowest average grain counts (code letters, C^-Cg) are 
shown for ^H-DEN treatment in flies.
**Spermatogonia and Sperm
From this, the lowest average grain counts belong to
the sperm samples from the spermatogonia or stem cell 
3stages for II-EMS treatment, but from the spermatozoa for 
3H-DEN treatment. One important point is notable for the 
average grain counts of samples from mature sperm or 
spermatogonia (or stem cell), the former, with an average 
of 0.12-0.19 grain count per sperm head, is about one-half 
of the average grain counts (0.26-0.41) per sperm head 
from the spermatogonia or stem cells,
**Remaining Grains in Haploid DNA from Sperm Samples
From EMS feedings, about 52-58% average grain counts 
per haploid DNA of a single sperm head was found in two 
samples from mature sperm and spermatids after enzyme 
digestion. The late spermatids had higher remaining grain 
counts per haploid DNA than the mature sperm at the time
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of collection. However, the significant differences are 
found between flies from each sample rather than between 
two samples from different germ cell stages. T-test 
indicated that there is no difference for the remaining 
grains per haploid DNA in late-spermatids and sperm for 
■̂ H-EMS treated adult males.
Prom DEN feedings, 32,6-42.2% remaining grains per 
haploid DNA of a single sperm head was found in three 
samples from spermatocytes, spermatids and spermatogonia. 
The relative frequencies vs. the cell stages —  from the 
highest to the lowest —  is in the following order: 
spermatocytes (42.2%);> spermatids ( 38.6%)^spermatogonia 
(32.6%). There are no significant differences among the 
flies (P = 0.14) and the cell stages.
Comparing the percentages or remaining grains per 
haploid DNA between the samples from the spermatid stages 
after H-EMS and H-DEN feedings, DEN gives fewer remaining 
mean grains per haploid DNA than does EMS (38 vs. 52%).
The result is in agreement with the recent report from 
Sabourin (1981), in which an absolute total percentage 
for DEN ethylated DNA was lower than that for EMS (50.4% 
vs. 61.7%).
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APPENDIX
The following SAS program used in this research 
for experiment 1, 2, 4 and 5:
1 OPTIONS NONOTES;
2 OPTIONS N U C E N Itt;
J DAT* ONE;
*  a  INPUT DAT 1 -3  1 SPECIES M P 1.T S___________"NESS 7-P  1 (C 1-C 32) (32*2.>1
5 CARDS;
6 PROC SORT; BT DAT P IT  SPECIES NSFHS;
T DATA TN3;
8 a  I " P 8T DAT 1-3  1 SPECIES « F IT  5___________ WWEBS 7 -3  1 (C33-CA2) (10*2.):
9 CARDS;
10 PROC SORT; BT DAI TLT SPECIES RHENS;
11 DATA BOTH;HEKGE ONE TBO; BT DAT SPECIES P I !  RREHS;
12 CBEAN-RSANtOP C1-CN2) ;  CSTD*STD(OF C 1 -C 4 2 );
13 PROC PRINT;
1 * T IT L E ;
15 T IT L B 2 ;
16 DATA BOTH*;SET BOTH;
17 c - 1;  CORNT*CI;  OOTPDT;
18 0 2 ;  COUNT*C2; ODTPOT;
19 C»3; C 0DNOC3; OUTPUT;
20 C -« ;  COUNT-CN; OUTPUT;
21 0 5 ;  COUNT-C5; ODTPOT;
22 0 6 ;  COONT-Cto; ODTPOT;
23 0 7 ;  COONT-C7; OOTPDT;
2« C -0 ; C00NT«C8; ODTPOT;
25  0 9 ;  CODNT-C9; OOTPDT;
26 O 1 0 ;  CODNT>C10; OOTPDT
27 O i l ;  C0UNT*C11; OOTPUT
28  0 1 2 ;  COUNT*C12; OOTPDT
29 C -1 3 ; COONT-C13; OOTPDT
30 C >1« ; COOXT*C1«; OOTPDT
31 c > 1 5 ; C 00NT-C15; OOTPDT
32  0 1 6 ;  C00RT*C16; OOTPDT
33  0 1 7 ;  C00NT-C17; OOTPDT
3 *  C »18 ; COONT-C1B; OOTPDT
35 0 1 9 ;  COONT*C19; ODTPOT
36 0 2 0 ;  CODNT-C20; OOTPDT
37 - 0 2 1 ;  COUNT-C21; ODTPOT
3B C *2 2 ; CODNT-C22; ODTPOT
39 0 2 3 ;  COONOC23; OOTPDT
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• 0  C -2A; C00BT-C2A; OOTPOT;
•1  c * ] 9 |  coobt- c 29; o o tpo t:
•2  C -2 9 ; COOBT-C29; OOTPOT;
•J  C -27; C00BT-C27; OUTPUT;
• •  C-2B; COOIT-C2I; OOTPOT:
09 C -2 9 ; CO0BT-C29; OOTPOT |
*9  C -30; C 00IT-C 30; OOTPOT:
•7  C -31; C00IT-C 31; OOTPOT;
00 C -3 2 ; C0DBT-C32; OOTPOT:
09 C -33: COOBT-C33; OOTPOT;
90 C -30; CQ0IT-C3B; OOTPOT;
91 C -3 9 ; CQ0BT-C39; OOTPOT;
92 CO O ; COOBT-C39; OOTPOT;
93 0 -3 7 ;  COOIT-C37; OOTPOT; .
90 C O I ;  COOBT-C3S; OOTPOT;
99 C 0 9 ;  CODBT-C39; OOTPOT;
90 CM O; COOBT-CBO; OOTPOT;
97 C M 1 ; COOIT-CA I ;  OOTPOT;
90 c m 2 ; coobt- c a t: ootpot;
99 D i n  BQTBB; O R  00101;
00 DtOP C1-C02;
•1  IP  C 009T-. T IB I  D U t r i ;
•2  I I T I  B0TBB; BBT BOTIA;
• 3  'HOC PBBQ; BT i n ;  TABLES COOIT;
•0  DATA TBBBB; S R  BOTflB; ZP DAT < -  2 ;
99 P10C 6 LB; CLASSES DAT PLT SPSCXSS BIBBS;
99 BODBL COOAT- DAT (BIBBS) PLT (DAT BIBBS} ;
97 OITA TBBBB; S R  BOIBB; ZP DAT > 2 ABB OAT < -  9 .9 ;
99 HOC « U ;  CLASSES BIT PLT S PIC IBS BN ESS;
99 BODEL COOIT- OAT<SBMS| PLT (OAT IB B S ) |
70 DATA TBBBB; S R  BOTBS; XP BIT > 9 .9  ABO OAT < -  11;
71 pane QLS; CLA3SBS DAT PLT SPECIES BIBBS;
72 H008L COOW- DAT (BIBBS) PLT (DAT BBBBS) ;
71 RATA THHS-; S R  BflTBB; IP  OAT > 11 AID OAT <> 2»1;
P* pfc.nr ;l-; clus-.e;; r a t  PLT "prriES ASMS;
P9 sd;>zl ;:o ia t»  d a t(1 b p v .)  / l t ( C a i  bbebs);
S t i l l  I t t c  1 L I I I I I I I S  I l l t l l.f V • r
76 I I H  H t t t ;  t i c  DOTH;
T7 HOC SU; CLASSES OIT l i t  SP1CIX3 BBB9S;
TB BOD XL COOIT- BIT (BHISS) fit (DM MEBS) I
n  a x i l s  p l t (d i i  a a a a s i;
aa noc e u i ;  c l a s s e s  d m ;  b o d b i, c o o r  ■ d m ;
It BUIS OIT / DBICII;
12 n o c  SOIT; IT  M X ;
a j hoc tans n n u t ;  ax o itj n t  coon;
» *  o o t p d t  o o t - i e d  i m c o o i t  auMtcogit s t d «s c o o s t ;
BS nO C PBIXT;
t (  MOC PLOT; .
17 HOT BCODIT*DlI>'*'/flIIS>0 tO 10 I I  1 BAXX3> 0 TO 28 BT 2
aa noc p l o t ;
aa p l o t  a c o a iT » D i t « » « v x A n s .o  t o  *  i t  t  b a x x s *  o t o  21 01 2 ;
TO K U  TOT EE; SET BOTH; i r  D l l  <« 2 ;
a t  n o c  s o n ;  a i  n r ;
12 noc CBUT; TU I CODIT/TTPI-PEICEIT 6E0DP-DIX 6100 DISCIETE;
aa diti Tails; set aorai; ir on > 2 iid dm <• a.S;
a* noc s o b t; at d m ;
as n o c  cuariTua c o o it / t t h »p e»c e i t  a a o o n s M  o io o  d i s c i r e ;
as 01T1 TU B E : SET DOT SB; ZP D1T > 1 .5  M S  D M  < •  11;
17 n o c  50PT; Bf o i t ;
id  n o c  cmitsTDiit c o u t T / r r p m r p c n T  oinnp-nit m oo "T ir» *T K :
143
•  S T A T I S T I C A L  A E A L T S I S  S T S T E 3
99 D m  THBEB; SET DOTUB; IT DE I > 11 AND DAT < *  2 d ;
100 PROC SOBTt BT DAT;
101 PBOC CBABT;TSAB CODNT/TYPE-PEHCENT GBO0P*DAT S100 DISCRETE;
102 DATA THREE; SET BOTHB; IB  DAT <« 2 ;
103 PBOC SORT; BT DAT;
10* PROC CSABT; HEAR COUNT/JROOP-DAY G100 DISCRETE;
105 DATA THREE; SET BOTHB; IT DAT > 2 AND DAT < •  6 .5 ;
106 PBOC SORT; 31 DAT;
107 PBOC CHABT; HBAB COBMT/GROUP-DAT G100 DISCRETE;
108 DATA TH3BE; SET BOTHD; IP  D A I > 6 .5  AND DAT <« I I ;
109 PBOC SORT! BT DAY;
110 PBOC CHART; HBAB COUMT/G HOIJP* DAT U 100 DISCRETE;
111 DATA THREE; SET DOTUB; IP  DAT > 11 AND DAT < -  2B ;
112 PROC SORT; 3T DAT;
113 PBOC CHABT; HBAB COUNT/l>BOUP*DAY 0 100 DISCRETE;
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Appendix (Continued)
a For Input Data-f-a flexable arrangement for column 5-8: 
^'Input Day 1-3 1 Species 4 Ply 5 (treatment $ 6)
MMEMS 7-8 1 (C1-C32)(32*2.);
Por Experiment 4: Treatment is "E" (Enzymatic 
digestion, Non-treatment is MNM ( Without enzyme 
digestion).
2. Input Day 1-3 1 Species 4 Ply 5 (Sex $ 6)
MMDEN 7-8 1 (C1-C32)(32*2.);
Por Experiment 5(a): Sex is "I" which represents 
Inseminated females before feeding treatment.
Por Experiment 5(b): "T" represents mature sperm 
from adult treated males, UE" represents mature 
sperm from adult treated males with enzymatic 
digestion.
3. Input Day 1-3 1 Species 4 Fly 5-6 
MMDEN 7-8 1 (C1-C32)(32*2.);
Por Experiment 5(c): Ply number is large than 10
in most samples from an individual sampled day.
Note:
Por Experiment 5(a), 5(b) and 5(c), all MMEMS 
will be replaced into MMDEN for the list SAS 
program,
** Following computer printouts are the original data 
for each experiment used for further analysis in 
this research.
FOR EXPEP1NENT I: DATA OF SILVER GRAINS ON 5PLHH HEADS AFTER D.(» HI) TRIT1UR-ERS TBEATHENI




c n fl C
0 D 1 P E C C C C C C C C C C C C C C c C C c C C c C C E s
u A E I n C c c C c C c C C 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 A Ts 1 S T s 1 2 3 4 b 6 7 8 s 0 1 2 3 4 b 6 7 8 9 0 1 2 3 4 b 6 7 8 9 0 1 2 M 0
1 Q. J 1 2 Q.b 1 0 0 1 1 1 0 1 1 b 1 3 2 2 0 1 .3 34b 2
2 0 .3 J O .b 1 J 2 1 1 2 0 0 .9 7 b 9 0
3 0 .7 1 3 O .b 2 4 1 3 0 2 4 1 2 j 3 . . . . • . , . • a a a a » a a a a 2 .2 7 2 7 3 1 .2 720 8
4 1*0 1 O .b 3 0 3 2 4 b 2 3 b 2 2 1 4 2 3 2 2 2 2 3 2 2 2 1 2 3 4 . 2 .3 6 6 6 7 1. lH 8bbb 1 .0 1 4 O .b 1 1 1 2 1 0 1 1 4 2 J 1 0 3 1 2 3 6 2 3 3 3 3 4 b b 3 4 2 3 a 2 .4 3 3 3 3 1 .b 0 1 J4
6 3 .0 1 Q .b 2 4 3 2 2 2 1 1 2 2 1 0 3 3 1 . . • • . . a a a a a 1.9 333 3 1 .0 326 07 3 .0 1 2 O.b 1 1 4 3 4 1 2 4 1 1 2 2 1 b 1.43734e Q.O 1 O .b 4 2 2 0 3 0 3 J 2 b 6 2 6 3 0 0 1 2 1 2 a a a a a 2 . 3b000 1.8 432 09 4 .0 1 3 O .b 1 b 6 J 1 3 2 1 6 i 3 4 b b 3 3 6 2 2 1 2 8 2 2 4 4 4 2 2 4 a 3 .3 0 0 0 0 1 .7 b 4 b 910 4 .0 1 4 O .b 4 1 3 0 2 4 4 4 b 2 2 4 2 2 4 . . a a . , . a * a a 2 .8 6 6 6 7 1.4 074 611 6 .U 1 1 O .b 3 6 3 2 3 b J 3 4 J 2 2 b 2 2 3 b J 4 3 a . a a , a a a a a 3 .3 0 0 0 0 1 .1 742 912 6 .0 1 2 O .b 2 2 2 1 4 2 2 4 3 2 2 3 4 2 4 2 1 2 2 4 * a * * . a a a a a 2 . bOOOO 1 .0 000 013 6 .0 1 3 O .b 2 4 1 4 3 2 3 3 3 2 3 4 2 6 6 4 4 3 2 3 . . . a a a a a 3 .2 0 0 0 0 1.2 614 b14 0 .0 1 1 O .b 1 2 2 3 1 3 1 3 4 2 1 3 4 3 3 1 3 2 2 2 0 .9 7 6 7 21b 8 .0 1 2 O .b 2 3 6 4 4 2 2 4 b 4 3 4 1 3 3 3 2 4 5 3 4 4 5 0 1 4 3 1 3 3 a 3 .1 6 6 6 7 1 .3 666 816 8 .0 1 3 O .b 6 1 3 6 4 1 1 b b 6 2 b * • . • . . , . a a . a a . a a J.7bQ 00 2 . ObObO17 10 .0 1 1 O .b 2 4 J 2 3 5 b 2 1 1 4 2 1 4 1 3 b 1 b 3 3 2 3 3 0 2 2 1 3 2 a 2 .6 0 0 0 0 1.3 796 6its 1 0 .0 1 2 O .b 4 4 0 1 b 2 3 2 3 4 0 2 4 2 2 2 b b 3 4 2 1 2 4 3 0 2 6 4 4 a 2 .8 3 3 3 3 1 .b 77b 0
19 10.  0 1 3 O .b 0 2 4 1 2 2 4 3 2 3 4 2 2 4 3 3 0 4 4 4 2 3 2 1 2 6 b 2 4 2 a 2 .7 3 3 3 3 1 .3 8 7 9 620 12.0 1 1 O.b 1 2 0 1 2 1 4 J 1 3 3 4 2 2 0 • . a a * a a a a a a 1 .9 333 3 1.2 798 621 12 .0 1 2 O.b 0 0 2 1 3 3 2 4 6 0 1 0 0 1 1 1.7 647 3
22 12 .0 1 3 O .b 1 2 6 b 2 4 2 b 0 3 2 0 1 1 1 1 4 0 0 3 0 3 0 3 3 1 0 2 2 0 a 1 .9 000 0 1.7 090 0
21 14 .0 1 1 O.b 0 0 1 1 3 1 0 3 1 2 3 2 3 4 1 • . • a a a a a a a . a . 1 .6 6 6 6 7 1 .2 9 0 9 924 14.0 1 2 O.b 0 1 2 0 3 1 b 2 1 1 0 1 0 0 2 1 0 2 4 b 0 2 0 2 2 1 2 2 1 0 a 1 .4 333 3 1 .4 0 6 4 7
2b 14 .0 1 3 O.b 0 1 1 1 6 0 3 2 3 7 4 2 2 2 2 1 1 3 1 2 2 2 2 1 1 0 2 4 0 3 . 2 .0 3 3 3 3 1 .6 291 2
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E c c C C c C C C c c c C t C c c c c c C C C C E s
M C c c C C C C c c i 1 1 1 1 I 1 I 1 2 2 2 2 2 2 2 2 2 2 3 3 "1 A f
S 1 2 3 4 c 6 7 e 5 0 1 2 3 4 5 6 7 9 J 2 3 4 5 6 7 6 9 0 1 2 N □
25 C t C 1 1 2 3 0 2 2 3 1 . 1 5 0 6  7
25 1 1 0 1 1 1 0 0 a . . . . . * • . • • • • 0 . 5 5 5 5 6 3 .5 2 7 0 5
25 C e 1 1 2 2 0 c l 1 1 1 1 a 0 I 1 2 4 3 • 1 .2CE 33 L . 0 2 0 6 2
<5 2 2 1 1 2 1 2 ■3 3 2 I 3 1 l c 2 2 1 J 3 j I . E I 7 5 0 C . 855 0 1
25 1 1 T 1 1 2 2 r 1 2 1 2 1 2 • ■ • • • • • * 1 .5CC J0 -3 .65044
25 I 2 4 » 2 2 4 3 2 5 . . . • • • . • • • * • • 2 .ECOOO 1 . 2 2 9 2  7
25 C 2 i 1 2 1 2 0 . 5 7 5 9 0
25 1 2 2 2 4 1 . . . . . . . . • * • * * • 2.CCC30 1 .0 9 5 4 5
25 0 4 1 1 3 1 J 3 3 1 1 1 1 2 * • * • * 1 .4 C 0 3 0 1 .1 8 3 2 2
25 1 I 0 3 5 a 3 t 2 2 I 2 3 1 2 • 2.CCOOO 1 .3 6 9 3 1
25 1 0 1 3 1 2 2 6 1 3 1 4 1 1 • • • * 1 .5  <E5 7 1 .5 9 1 5 3
25 a 4 2 0 3 3 3 2 2 2 1 1 3 C i 2 • * • 1 .6 < 5 0 0 1 .2 5 8 3 1
25 i 2 3 1 0 3 2 3 a 4 1 3 4 C 3 1 1 t 0 3 • a i . o c o jo 1 .3 6 1 1 1
25 2 1 I 2 0 3 3 3 2 1 4 3 3 3 1 3 1 1 1 2 • . « * i .C CC JO 1 .C 7 6 0 6
25 3 2 3 2 2 3 3 4 t 4 3 2 4 ■* 1 1 1 2 4 4 s * • • • V 2 . 6 CQOO 1 .3 9 5 4 5
25 1 I 1 0 C 1 4 I 3 a 1 0 1 1 1 0 2 2 1 3 3 J 2 4 2 1 .4 6 6 6 7 1 .2 2 4 2 8
25 0 2 1 1 1 1 3 2 t 2 2 2 2 1 1 2 a 2 3 I 1 C I 2 2 a 1 . 2 1 3 ) 3 0 . 9 2 2 2 7
25 2 C 3 c c 1 a 1 1 4 2 4 4 1 3 1 3 1 a . a a a a • 4 1 .4 C 0 J J 1 . 5 1 8 3 1
25 2 0 3 2 3 1 1 2 a 2 . . . . * . , a a a a a • * a 1 .6CG70 1 .C 74 9 7
25 1 1 3 * 0 4 2 a i 1 2 1 C 3 C , » a * * 1 .6 2 5 )3 1 .4 0 8 3 1
25 0 0 2 \ 2 5 1 2 3 1 1 1 0 2 I # . • a « « a 1 .< 6 6 6 7 1 .2 7 5 8 8
25 0 2 4 i c 3 4 2 C 0 I I 0 ] 2 0 0 0 1 2 0 2 1 1 .5 6 6 6 7 1 .4 5 4 6 8
25 3 1 2 C 1 0 1 a 3 2 4 2 1 4 1 1 C 3 ■ • a a a 1 .5 5 3 0 0 1 .2 7 6 1 3
25 0 0 2 2 1 3 2 i 3 2 1 I 1 1 2 • • • » * • a a • 1 .2 5 0 3 0 1 • J 6 4 5 d
25 c 1 1 2 2 1 0 l a C 2 3 I 2 2 1 3 C 1 i 2 0 0 0 1 0 2 3 1 * 4 1 .1 6 6 6 7 1.C5  218
FJR EXPERIMENT 2 ORTA OF SILVER CRAINS CN SPE“M HEADS A U E R  1.0 PM TFITILM-EPS TREATMENT
IN LB MALE FLIES (TOTAL RADIOACTIVITY 5.18 MCI USED PER EEEDII'GJ 2 3  35  PC NC AV, NOVEMBER 3 0 ,  1 9 9 1
HM
C I F E C c C C c C cA E L M C c C c c C C C C 1 1 1 I I 1 1
Y S Y S I 2 4 5 6 7 a s c 1 2 3 4 5 6
1.5 1 I I 2 t * 2 5 I 1 9 3 1 9 2 2 5 3 2i.: i 2 1 9 2 2 2 3 2 I 9 i 1 9 3 3 1 0 4i.: i 3 1 2 3 1 2 2 1 1 9 2 2 9 C 6 2 3 3
i.: i 9 I t 5 C 3 3 1 1 2 5 3 2 5 3 2 2 0
2.5 1 I 1. 2 C 4 C 3 0 5 2 9 6 9 C 4 3 02.5 1 2 1 3 1 4 *, 3 2 1 3 1 9 6 C 1 2 02.5 1 3 1 2 1 c 1 2 5 3 2 C 2 2 2 3 3 5 Q2.5 1 9 1 C 2 7 4 t 9 5 2 c 5 33.5 1 1 1 2 2 2 5 5 9 0 I 9 7 9 3 5 4 25.5 1 2 I 9 1 2 2 9 2 9 5 5 2 9 1 5 S 2 43.5 I 3 1 2 I 1 2 2 2 5 7 t 5 69 0 6 4 t3.5 1 9 1 0 2 4 3 3 3 2 5 t 3 1 5 4 0 3 7
9.5 1 1 1 t 9 S 2 2 9 2 0 7 A 3 2 I 3 3 29.5 1 2 1 2 9 c 3 5 1 5 2 3 « 2 2 6 0 3 39.5 1 I 1 « 5 1 c 3 9 5 2 0 0 9 3 1 3 39.5 1 9 1 2 3 6 1 i 6 7 6 C 3 2 1 I 6 4 56.5 1 1 1 5 C 2 1 c 1 1 a 10 1 I 9 5 2 U 26.5 1 2 1 0 3 t C i 2 9 2 2 7 3 2 2 I I 76.5 1 1 1 1C 0 C 10 3 2 1 0 t 3 9 2 r 9 1 36.5 1 9 1 0 3 2 3 3 2 0 5 9 e 6 2 i 3 1 t6.5 1 5 1 9 1 4 1 1 2 6 5 2 2 9 5 2 4 0 47.5 1 I 1 3 4 3 C 2 2 C* 0 2 2 3 C c I7.5 1 2 1 C 0 C 3 0 6 5 9 1 7 5 C 1 1 I 37.5 1 2 1 c 2 e £ 6 C 5 6 9 3 1 3 5 t 2 17.5 I 9 1 c , 0 2 1 2 2 1 I C 5 6 L I 2<1.5 1 1 1 2 3 1 c 1 1 2 1 3 t 3 3 2 4 0 13.5 1 2 1 C 6 2 4 2 3 5 6 c 2 9 2 1 a 4 I3.5 1 3 1 1 C C c 9 0 0 2 1 C 9 9 1 4 7 2A.5 1 1 1 c 1 3 C 1 1 C * 1 C 2 4 t 0 07.5 I 2 1 1 1 7 c 2 I 0 6 7 c 6 1 2 2 0 3'7.5 1 3 1 1 C K c 1 1 2 9 1 1 «*W 2 4 6 1
9.5 1 9 1 c 7 1 1 1 1 J 2 1 2 2 4 2 1 2 y7.5 1 5 I 1 5 e I 1 3 5 3 3 C 6 3 6 3 1 1
cM
c C C C C C C c ( c C c c ( c C C C C c c C c c c c c s
1 1 1 2 2 2 2 2 2 2 2 2 2 2 4 3 3 3 3 3 3 i 9 9 9 A I
7 6 9 Q 1 2 3 4 c 4 7 A 9 C « 3 4 5 6 7 e 9 c 1 2 N D
1 .5 6 9 2 9
3 4 3 3 0 0 2 2 3 I 0 0 £ ? 1 . 5 2 9 1 9
3 3 3 1 2 4 3 4 3 3 4 2 4 1 .2 9 1  J 6
4 1 < 3 4 3 3 4 £ 5 5 2 4 « 4 1 . 6 5 e 8 5
3 2 3 4 4 5 2 5 5 1 2 5 0 £ . • * * a . 2.5CGCO 2 . 3 9 J 2 1
3 6 3 2 2 7 2 5 2 I 3 3 c 2 2 L • * • 2 .  5 75 1 6 1 . 7 1 9 9  7
4 2 4 4 3 2 3 I 0 3 6 6 1 4 2 I I 5 3 2 . 5 7 5 0 0 1 .6 9 2 9 3
4 6 2 3 7 1 5 0 2 0 4 3 C * * , # • • a . 3 . 2 3 3 3 3 1 . 9 5 , 5 3
4 1 6 3 0 3 0 4 ■ 4 4 5 4 « 2 4 2 2 1 e 1 .7 9 2  92
I 4 4 L 4 4 1 0 0 1 6 6 6 1 2 c J 5 5 6 2 Z 3 . 2 5 ( 9 1 2 . 0 9 9 1 0
3 8 I 2 5 2 5 4 4 2 t 1 3 2 C 7 a 1 4 « . 3.CCCG0 2 . 1 7 / 3 1
1 C 3 2 0 4 8 4 7 3 0 1 C . • • a « . I . 93333 2 . 3 3 J 1 7
2 9 3 2 2 0 2 1 3 ■* 3 2 « • a • 5 .0 3 3 3 3 2 * I C j d Z
4 4 2 2 4 7 5 1 4 0 1 2 2 1C • . • • a . 3 .2 3 3 3 3 2 . 1 9 , 9 9
3 C 2 L 1 4 10 6 1 6 0 4 4 £ 4 1 2 0 a 2 z 3.5CCC3 2 .  572 39
3 I 3 2 7 0 3 3 2 1 2 £ 12 £ 2 3 12 6 1 4 3 .5 1 3 5 1 3 . 2 0 2 6 2
3 3 6 3 6 3 2 5 4 3 7 4 0 1 • • • • a a . 3 .1 C 0 0 3 2 .1 2 2 9 5
6 3 C 2 2 6 7 S 8 i 2 t * C 3 1 4 4 6 0 3 . 2 8 2 0 5 2 . 9 0 1 9 9
2 3 c 0 1 4 4 3 t o 8 2 7 « 4 « 4 10 4 2 5 1 3 .2 8 2 C 5 2 .  7 9 *9 2
a t 0 1 4 4 0 1 1 2 6 1 t 4 2 4 9 I a . . 2 .5 1 9 2 5 1 .9 6 J 9 6
3 3 3 I 4 3 s 3 7 1 L c 1 . » a a a . 2.CCCC3 1 .8 9 3  7 3
i f 0 0 0 0 I 3 1 6 3 1 £ • a a a • 2 .  13333 2 . 9 3 1 5 9
3 3 2 s 1 I 4 2 4 2 4 3 3 C c C J 5 3 4 L 0 3 . C 7 I 9 3 2 . 0 5 9 7 9
2 2 0 0 4 4 s 3 5 Z 1 I 0 c C c 3 5 3 2 2 1 1 .5 7 9 3 6 1 .  3 9 * 3 0
4 3 I C 1 3 6 1 1 2 3 I « 4 4 2 I C 2 5 l . , 3 * J 6
4 0 0 i 2 J 0 5 1 0 0 1 t * 1 J 0 7 3 . Z . 16667 2 . 1 8 , 3 6
a i 5 4 2 3 1 3 C 1 3 I £ 4 1 « a « . . 2 . 2 5 3 7 5 1 .  17336
1 l 2 1 5 4 0 0 C L 7 2 1 1 I 2 1 2 2 2 2 1 .6 0 1 2 8
2 4 3 0 3 0 6 1 0 2 3 I 0 c C 2 I 0 2 14 . . 2 .1 3 8 8 9 2 . 9 1 , 0 6
4 7 C 7 I 4 Q 3 4 4 91 0 3 ( C 2 ) 3 3 ) 3 9 2 .C CCO 3 2 . 3 3 1 5 3
J 3 2 3 C 1 8 2 3 2 2 5 I \ 4 1 I * . a . . I . E 1 S 1 * 1 . 6 6 , 9 6
2 2 3 2 3 4 J c 1 0 4 d I 2 < I I 1 . 75a51
rOB E IP E B IS ZB T  * ;  O IT *  OF S IL T E B  G R U BS OS SPRBH BEADS 1FTEB 1.0 HB TR IT IO H -E S S  TBEATBEBZ 
IB  CB nil! F L IE S  (TOTAL S A D IO A C T IT IT T  3.11 HCI USED FEB FEZDIBG)
CAT 5FZCIES f L I TRET RHEAS C l C2 CJ C9 Cb Cb C7 C8 C9 CIO c n C12 C13 C 14 C lb C16 C l? CIS C19 C20
U i  1 0 a t  9 9 7 4 J b b b 6 2 2 2 1 4 4 3 4 1 2 2
1-b  1 a 1 b b 4 2 b 3 3 4 0 b 3 2 2 2 b 5 3 2 5 b
1.  b 1 2 a t  b 2 4 2 0 3 4 b 4 4 0 i 3 3 i 1 2 « 2 2
l . b  1 3 a 1 7 9 9 11 7 b b 3 8 9 0 6 6 9 7 8
K b  1 4 a i  a 3 4 1 b 3 4 i 2 3 4 3 3 2 8 b 9 5 b 1
l . b  1 b a i  6 3 S J b b J 2 i 3 3 3 2 1 b 2 3 4 3
l . b  1 7 a 1 0 b b b b 5 2 4 J 4 2 2 0 3 3 2 3 2 4 3
l . b  1 0 a 1 2 2 4 J Q 1 0 1 b 3 0 0 1 1 6 5 « 2 0 3
J .b  1 i N 1 b 9 8 10 10 6 3 3 2 b 7 J 9 11 b 6 7 6 b 10
J .b  1 4 a 1 10 9 i b 7 6 2 3 10 b b 4 b b b 4 8 5 b 7
J .b  1 b a 1 0 a 10 2 3 0 3 10 b 7 0 4 0 10 b 3 * 3 b 5
J .b  1 b a 1 11 8 10 10 9 9 b 10 7 b 9 9 10 4 4 7 6 5 4 4
J .b  1 6 a 1 6 a 10 b 0 5 3 8 b J b 7 3 5 7 3 5 7 2 S
J .b  1 9 a 1 10 J 3 b 8 10 3 8 b b b b 0 b 11 b 7 3 8 7
3B5 C22 C23 C24 C 2b C2b C2 / C2B C29 C30 CJ1 C32 C33 C34 C3S C3b C37 C3B C39 C40 C41 C«2 CBEAB CSTD
1 b 1 1 b b b J 0 7 b 4 .  4 .5 9 3 7 5 2 .1 2 2 9 8
2 1 .6 3 5 1 *
J / 3 2 3 b 4 b . • • .  J . 4 6 *2 9 1 .8 1 5 2 14 * * * . . • • » • . .  7 .3 1 2 5 0 1 .9 9 0 6 0
b J i 6 0 J b b 4 b • • .  4 .2 3 3 3 3 1 .9 6 9 6 5
b / 7 b 4 4 6 J J i t 4 b  b 1 3 . 904 7 b 1 .6 6 * 6 9
/ 2 0 0 4 b 1 I b • * . . . .  2 .9 6 5 5 2 1 .6 3 6 2 6
8 * • * • . • • . . . •  * .  2 .4 0 0 0 0 1 .9 5 7 * 4
9 9 10 8 y b 10 2 H J 2 * * .  6 .5 0 0 0 0 2 .8 8 * 8 9
10 / 7 10 12 b 11 1 10 8 b I  9  9 •  • .  6 .6 5 0 0 0 2 .6 4 0 * 2
11 J b 2 10 J 8 J b 2 . . . .  4 .6 3 3 3 3 2 .9 6 6 1 2
12 4 10 J k b b 4 b . . . .  6 .3 7 9 3 1 2 .6 2 * 2 5
1 J J 2 J 4 b 4 / 8 0 b 2 / J b .  4 .9 * 2 8 6 2 .2 0 8 8 *
m 11 (i * r / b J 7 2 1 4  7 1 J /  */ 2 10 . .  6 . UDDUU 2.7 0 H 0 1
FOB EXPEBIRENT 4 i  DATA O f SJLVFU CHAIRS OR SPERH HEADS AFTEb 1 .0  HR T M T I0 H -E R 5  TREATBENT 




C T n R C
0 c X t * t c c c c C c C C C C C c C C C C C C C C C c C E 5
B A £ I E H c c c c  c c C C c 1 1 1 1 1 1 1 1 1 1 2 2 I 2 2 2 2 2 2 2 3 3 3 A t
5 I 5 T T S 1 2 J 4 b fa 7 8 9 0 1 2 3 4 b 6 7 B V 0 1 2 3 4 b 6 7 B 9 0 1 2 B D
1 l . b 1 0 E 1 0 4 0 0 1 1 0 0 0 . 7 5 0 0 0 1 .3 B 8 7 3
2 l . b 4 E 1 2 1 2 0 2 3 3 J 4 3 4 2 1 1 2 2 4 2 1 3 * • • • • • • . • • • 2 . 2 5 0 0 0 1 .1 1 B 0 3
3 l . b 1 b £ t 3 2 2 u 1 2 1 3 1 2 1 3 0 0 7 2 0 0 2 2 1 2 fa 3 3 3 4 3 0 0 •  • 2 . 0 3 3 3 3 1 .9 0 2 5 1
4 l . b 7 F 1 3 2 1 3 1 3 2 0 1 1 2 1 0 2 0 0 1 4 0 2 3 3 2 1 • • • . • . •  . 1 . 5 0 3 3 3 1 .1 7 6 4 6
b l . b b E 1 2 0 0 0 0 1 2 0 1 0 1 1 0 2 U 0 7 0 1 0 1 2 1 0 0 0  1 0 . 6 8 7 5 0 0 . 6 9 2 7 0
6 3 * b 1 1 E t fa 2 2 2 7 7 4 2 3 2 1 2 4 4 3 3 fa 2 4 4 4 3 4 3 4 3 1 4 3 3 .  • 3 . 3fabfa7 1 .4 9 6 7 4
7 J . b 1 b F. 1 1 0 0 / 7 4 0 2 10 fa 2 4 2 fa 0 4 1 2 3 2 0 4 b 0 1 . ♦ . • .  . 2 . 8 4 6 1 5 2 . 6 9 J 5 B
B J . b 1 6 E 1 4 J J U 4 7 7 / fa fa 3 2 4 b 3 b 7 b 1 b 2 2 b 0 b fa b 7 fa fa .  . 4 . 5 0 Q 0 0 1 .9 0 7 3 4
9 3«b 7 E 1 7 B B B B b 9 B 7 2 7 fa7 7 fa7 7 8 9 • . . • . . • « •  • 7 . 0 5 2 6 3 1 .5 8 0 2 1

























FOR E3FERIHENT SA CATA OF SILVER GRAINS CN RECEFTACLE SFER* FEAES AFTER C .6 FN 1FIT ION—CEN TREA1NEN1
IN INSEMIMATED 0 FINALE FLIES I TOTAL RADIOACTIVITY 1.72 NCI USED FER FEED1FGI ZC 57 NQNDAY, HOVcrtflER 33. 1981
SR
e n  c
c  N N C
0  C I  F S C C C C C C C C C C C C C C C C C t C C C C C C  e s
a A E L E  E C C C C C C C C C 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 Z Z 3 3 3  A T
S Y S Y X N  1 2 3 4 5 6 7 8 9  3 1 2 3 4 5 6 7 E 9 0  1 2 3 4 5 6 7 8 9 0  1 2  N D
L 1 I  C. 6  C C O C L 3 1 C G L I 2 I 1 C ........................................................................................ C . 53333  C .63S 54
1 2  1 3 . 6  1 2  1 0  2 ................................................................................................................................................  1 . 2 3 0 3 3  C . 836 6 6
I  3 I  C .6  C 2 0  1 0 2 2 0 1  C C C C 0 1 3 0  1 0 1 0 2    . . .  C .5 9 C 9 1  0 .7 9 6 5 7
1 1 1  3 . 6  1 2 2 2 1 2 0 2 1 C 2 1 3 1 1 1 1 1 3 C 1 0 2 1  1 1 1    1 . 2 5 9 2 6  3 .8 1 3 0 3
1 1 I  0 . 6  2 C C 1 2 1 1 1 3 .  .....................................................................................  . . . . .  1 .2 2 2 2 2  C . S l i e i
L 2 I  0 . 6  2 0 1 . . . . . . . . . .  .............................................  . . . . . ........................ 1 .COCJO l .C QOCJ
1 3  1 0 . 6  C C O C 1 1 1 2 1 C 3 1 2 1 1 1 0 2 I 1 0 1 1 0 C C 1 1 . . . .  C . 8 21 4 3  0 . 7 7 2 3 7
1 1 1  0 . 6  3 2 4 2 2 1 3 1 1 1 2 2 2 J 1 1 1 3 3 C 0 0 .....................................................  1 .5 9 C 9 1  1 .1 4 0 5 6
I I I  0 . 6  2 1 1 2 1 1  1 2 2 C G 1 C 2 2 1  1 2 1 2  ................................  . . . . .  I .25C O O  C .7 1 6 3 S
1 2  1 0 . 6  C C 2 2 0 0 1  1 0 2 3 1 2 2 1 1 2 0  ...................................................... C . 9 4 4 4 4  C . 87260
1 1 1  0 . 6  . 2 3 1 I 1 1 1 0 3 2 2 1 2 C 2 3 1 1 1 1 0 1 2 1 1    1 . 3 6 3 0 3  C . 860 2 3
1 2  1 0 . 6  2 1 0 0 2 2 0 C C 0 1 2 1 1 1 1 1 1 2 G 3 2 L 1 C C C 1 0 0 1 1  C .E 7 5 J 0  0 .8 3 2 8 0
I I I  0 . 6  2 1 C C L 0 1 0 0 0 0 1 0  9  ...........................................................................  0 . 4 2 5 5 7  G .64621
1 2 1  0 . 6  1 0 0  1 3 3 1 0 2 1 1 2 2 0 2   1 .C 6 6 6 7  C .5 6 1 1 5
I I I  C . 6  C C 0 C 1 L 1 3 2 Q 3 3 1 0 1 ...................................................... ..... C . I 6 6 6 7  1 .0 6 3 1 0
1 2 I  0 . 6  1 2 2 0 1 0 1 2 2 2 1 2 1 0 3  ........................................................................................... 1 . 3 5 3 3 3  C . 85574
1 3 I  0 . 6  1 1 1 3 3  ................................................................................................................................................  1 . 2 0 0 3 0  1 .C 55 4 5
1 1 1  0 . 6  1 C 0 0 3 1 I C 0 1 1 2 C 0 C  ........................................................................................  C . 4 6 6 6 7  0 .E 3 9 5 4
1 2  1 0 . 6  C 0 C 3 3 1 0 3 1 L 1 1 ........................................................................................................ C .5 1 6 6  7 1 . 0 8 3 ( 2
1 1 I 0 . 6  1 C C 2 3 1 2 0 1 2 C 1 2 3 C L 1 2    C .E 8 8 d 9  0 . 3 3 2 3 5
1 1 1  0 . 6  C 1 0 2 2 2 C C C 2 3 1 0 1 C L 2 2 1 2 0 1 2 3 I 3 1 1 0  1 0 1  1 . 0 3 1 2 5  C . 9 3 2 7 2
1 I  I  0 . 6  I  1 1  1 1 1 2 0 0 3 1 1 2 2 2 3 1  1 0 1 3 2 2 0 1 C C 0 C 1 C .  1 .C 0 0 J 3  0 . 8 9 4 4 3
I I I  0 . 6  0 C 2 0 L 1 0 0 1 3 3 2 C 2 C 3 1 1 I  1 3 2 3 2 2 5 0 2 0  1 1  1 C .  5 3 3 5 0  1 .9 4 8 2 6
FOB E IP E B IB E H T 51 :  tUTA O f S ILVRB GRAINS ON 5PBRR HEADS AFTtA 0 .6  HR T k lT I  UR-O tN  T IitA TR E B T










B A 1 1 E I
5 1 s 1 X B
1 1 .0 1 1 T 0 .6
2 n o 1 2 T O .b
3 1 .0 1 3 T 0 . 6
8 1 .0 1 6 T 0 .6
5 1 .0 1 b T 0 .6
6 1 .3 1 1 T 0 .6
7 1 .3 1 2 T 0 .6
e 1 .3 3 T O .b
9 1 .3 1 8 T 0 .6
10 1 .3 1 ■> T 0 .6
11 1 .3 1 6 T 0 . 6
12 l.b 1 T 0 .6
13 l.b 1 2 T 0 .6
14 l.b 1 3 T 0 .6
1b l.b 1 • T 0 .6
16 l.b b T 0 .6
17 1 .b 1 6 T 0 .6
18 1 .8 1 T 0 .6
19 1 .8 1 2 T 0 . 6
20 1 .8 1 3 T 0 .6
21 1 .8 1 8 T 0 .6
22 1 .6 1 T 0 .6
23 1 .8 1 6 T 0 . 6
28 2 .0 1 1 T 0 .6
2b 2 .0 1 2 T 0 . 6
2b 2 .0 3 T 0 .6
27 2 .0 1 4 T 0 .6
28 2 .0 b T 0 .6
29 2 .0 1 6 T 0 .6
C C C C C C C 
2 3 8 5 6 7 8 9 0
0 U U 
0 0 0 
U 0 0 






















c  c  1 1 1
001
2 0 0 0 0 0
0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0
0 0 0 
















0 1 1 
0 0
0 0






1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 A T
J 4 b 6 7 8 9 0 1 2 3 4 b 6 7 6 9 0 1 2 ■ D
0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 .1 b 6 2 S 0 0 .3 6 8 9 0 2
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 9 3 7 5 0 0 .2 9 6 1 8 b
0 u 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 .1 2 5 0 0 0 0 .3 3 6 0 1 1
0 u 0 0 0 0 0 0 . . • • • • • 0 .1 0 0 0 0 0 0 .3 0 7 7 9 4
0 Q 2 0 0 0 0 0 .5 0 1 8 6 0
0 0 0 0 .3 5 1 8 6 6
0 0 0 0 .2 5 8 1 9 9
0 0 0 0 .2 5 8 1 9 9
0 0 0 0 .2 5 8 1 9 9
0 0 0 0 0 .2 5 0 0 0 0
0 0 0 • • • • . . • a a a 0 .3 3 3 3 3 3 0 .6 1 7 2 1 3
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .1 6 6 6 6 7 0 .3 7 9 0 8 9
0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 . 0 .1 6 6 6 6 7 0 .5 3 0 6 6 9
0 0 0 0 .4 5 7 7 3 8
0 0 0 - . . • • • • • • . • . a 0 .0 6 6 6 6 7 0 .2 5 8 1 9 9
0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 . 0 .1 3 3 3 3 3 0 .3 4 5 7 8 6
0 1 1 . - • • • • • . a • • « . 0 .2 6 6 6 6 7 0 .4 5 7 7 3 8
1 0 0 1 0 0 1 1 2 0 2 2 1 0 1 1 a 0 .5 6 6 6 6 7 0 .7 2 7 9 3 2
0 1 0 . . . . • . . . • • • * 0 .0 6 6 6 6 7 0 .2 5 8 1 9 9
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 .1 9 6 1 1 6
1 0 0 0 0 1 0 0 0 0 0 0 0 0 .3 3 1 6 6 2
0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 Q 1 a 0 .1 6 6 6 6 7 0 .3 7 9 0 8 9
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 a 0 .0 6 6 6 6 7 0 .2 5 3 7 0 8
2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 .2 0 0 0 0 0 0 .8 B 4 2 3 8
0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 * 0 .1 0 0 0 0 0 0 .3 0 5 1 2 9
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 a 0 .0 6 6 6 6 7 0 .2 5 3 7 0 8
0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 a 0 .1 0 0 0 0 0 0 .3 0 5 1 2 9
0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 . 0 .2 0 0 0 0 0 0 .4 0 6 8 3 8
0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 0 0 • 0 .2 3 3 3 3 3 0 .8 3 0 1 8 3
fo b  K in m w E K T  b n : d a ta  n r  s j l f f p  c r a i r s  oh s p e f i  heads a f t e r  0.6 nn t b i t i u h - d e r  t h e a t r e r t





0 D S D c c C c c C c
B A 1 E C c c c c c c c c 1 1 1 1 1 1 1
S T 1 1 1 2 i 4 b fa / a 9 0 2 J 4 b fa
1 b 1 O.fa 0 0 0 J / 2 b s 1 0 b 3 b fa 4 fa
2 b 1 O.b h. 2 b 1 0 9 i 7 8 4 4 6 fa4 fa
3 b 1 O.b I 4 fa 6 8 7 2 10 B b B fa b 4 7 b
4 h I U.fa 0 0 0 0 0 0 0 0 0 0 0 b 0 J J fa
b b 1 0 .6 b b 4 b 4 J fa fa 7 2 3 b 0 2 b
fa b E 0 . 6 0 1 1 1 1 0 1 0 2 1 3 3 0 0 1 7
7 b ! 0 .6 0 2 0 0 2 0 1 3 4 fa 3 0 0 . .
B 7 I 0 .6 0 0 0 0 0 0 0 0 0 0 4 7 fa 0 3 B
9 7 T O.b 4 1 b 3 7 4 J 7 B B 0 0 0 0 0 0
10 7 T 0 .6 b B J 2 4 6 / 7 fa 3
11 7 T O.fa 1 1 1 0 1 0 1 0 3 1 3 2
12 7 1 O .b 2 0 1 0 3 0 1
13 7 T O.fa 1 0 2 0 0 0
19 7 E O.fa 2 0 0 1 0 0 1 1 0 0 0 1 0 0 0
1b 7 E O.fa 1 1 0 1 0 0 0 0 1 0 0 0 0 0 1 1
Ifa 7 E O .b 0 2 1 0 1 0 3 1 1 0 0 0 J 2 1 1
17 11 T O.fa 1 1 0 2 2 2 1 0 0 2 1 0 0 0 2
IB 11 I O .b 2 0 2 2
19 11 1 O.fa 4 2 4 3 2 fa 4 0 2 0 1 2 0 4 3 fa
20 11 T O.fa 4 0 0 1 1 0 0 2 0 7 2 1 fa 7 0 0
21 11 3 t 0 . fa 1 2 0 0 0 0 0 0 0
22 11 3 2 I O.fa 0 0 0 1 0 2 1 0 0 0 0 1 0 1 0 0
23 11 3 3 E 0 .6 1 0 1 0 1 1 1 1 0 1 2 0 1 1 * .
c
(I c
c c c C C c c c C C c C C c c E 5
1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 A T
B 9 0 1 2 3 4 b fa 7 B 9 0 1 2 I D
b 0 1 4 2.3 934 4
2 .6 471 4
II b 2 . 0900Bfa 7 ; J 2 2 .6 003 7
* * - • • . . • • • . • . . 4 .1 3 3 3 3 1 .8 464 9
0 2 2 1 .63614
• • • • . • • • . . . . » . 1 .6 3 0 4 6 1 .8 636 2
fa 4 12 b fa 0 1 0 1 0 0 0 2 0 1 2 .1 2 6 0 0 3 .0 9 /8 7
0 0 U • • • . . . . • • • • • 2 .6 0 0 0 0 3 .0 6 2 1 b
2 .0 2 4 0 b
1 .02986
1.06904
0 .8 3 6 6 6
1 2 1 2 0 1 3 1 1 1 2 2 2 1 1 0 .9 3 7 5 0 0*84003
. • • . . • • . . • • . • . . 0 .4 1 1 7 6 0 .5 0 7 3 0
1 4 0 b 0 1 3 2 1 1 1 1 0 0 2 1 .1 8 7 6 0 1.2 810 7
0 0 0 • • • • . • . . • • • 0 .0 0 0 0 0 0 .8 335 1
1 .00000
1 0 0 2 0 fa 2 .0 /1 0 3
J u 3 b 7 2 .7 8 4 0 8
0 .69921
1 J 3 2 0 0 0 0 .9 696 5












FOB EXPERIMENT i t :  DATA OF SILVER GRAIKS ON SPERM HEADS ATTEt 0 .6  HR T R IT IU M -D E N  TREATMENT




C R n C
0 D 1 5 D c c c c c c c c c c c c c c c c c c c C c c c t 5
B A I I E C c c c c c c c c 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 i T
S I s X II 1 d 3 4 b 6 7 B 9 0 1 2 J 4 6 fa 7 B 9 0 1 2 i 4 b fa 7 B 9 0 1 2 IT D
1 14 1 T o .b 0 0 0 0 1 0 1 2 0 1 0 0 1 0 0 1 0 0 2 1 1 0 0 0 0 0 2 1 0 0 0 .4 6 6 6 6 7 0 .6 8 1 4 b
2 14 1 T O.b 0 0 1 0 0 0 1 1 0 0 1 0 .6 149 3
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